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Abstract 
This thesis considered the perception of floor impact sounds in apartment buildings 
and focused on relationships between non-acoustic factors and annoyance caused by 
floor impact sounds. Firstly, a qualitative study was conducted to investigate 
exposure to floor impact sounds. Semi-structured interviews were conducted with 14 
residents in apartments in South Korea using a grounded theory methodology. These 
data were analysed using three coding phases; several key themes were identified 
and grouped into five categories. Two major noise sources (heavy-weight and light-
weight impact source) were grouped together with retaliatory noise under the 
category of ‘noise exposure’. Different ways to manage noise exposure or cope with 
negative noise perceptions were categorised under ‘coping’. Health issues and 
concerns were grouped together under ‘health effects’. ‘Intervening conditions’ were 
identified and non-acoustic variables in this category included attitudes to authorities 
and neighbours, noise sensitivity, past experience, and dwelling satisfaction. A 
conceptual model was proposed to give an overview of how residents perceive and 
react to floor impact sounds. Secondly, a quantitative study was performed to 
empirically test the findings of the qualitative study. Survey questions were 
developed based on a literature review of studies on environmental noise and the 
findings from the qualitative study. A conceptual model was hypothesised and tested 
using structural equation modelling. Relationships between non-acoustic factors 
(noise sensitivity, disturbance, health complaints, coping, negative attitudes to 
authorities, and closeness with neighbours) and annoyance caused by floor impact 
sounds were tested using path analysis. The impacts of moderators on the perceptions 
and reactions to floor impact sounds were examined using two different tests. Noise 
from footsteps increased the direct impact size of noise sensitivity on perceived 
disturbance. Empathy, past experience, and dwelling satisfaction were also found to 
have moderation effects on the relationship between negative attitudes to authorities 
and coping. A positive relationship was found between annoyance and avoidant 
coping which was influenced by the moderators of negative attitudes to authorities 
and neighbours. Findings from path analysis and moderation tests supported and 
extended the previous findings of environmental noise studies and the qualitative 
study.  
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1  Introduction 
1.1  Background and aim of the study 
Noise in apartment buildings has emerged as a major social problem over the 
past years in South Korea where the majority of people live in this type of residence. 
The number of households that occupy apartments has accounted for more than 70 
percent after 2010 (Statistics Korea, 2011; Cha, 2015); this proportion is much 
greater than that of England and Wales, which was estimated to accounted for 21.4 
percent in 2011 (Office for National Statistics, 2014). As apartment buildings have 
become more popular, the associated noise problems have grown to be a major issue. 
In particular, the number of noise complaints made by the residents of apartments in 
South Korea has rapidly increased and most of them are about floor impact noise 
(Jeon et al., 2010b; Korea Environment Institute, 2013). The number of complaints 
about floor impact sounds registered in 2012 was four times greater than those 
between 2005 and 2011; besides, this number increased twice in 2013 and doubled 
again in 2014 (Cha, 2015). Disputes between neighbours often make the problem 
even worse. Some residents use so-called ‘revenge products’, such as a loudspeaker 
which is designed for passing most of sounds to upstairs, to make retaliatory noise to 
their upstairs neighbours who have been responsible for the floor impact noise (MBC 
News, 2014). It was also reported that the constant noise exposure made some people 
lose their temper so that they killed, or tried to kill, their neighbours (The Korea 
Herald, 2013). It was recognised that people who have disputes with their neighbours 
over noise issues are more likely to suffer mental distress when they are exposed to 
noise (Berry and Flindell, 2009). 
1.1.1  Noise annoyance 
Annoyance is considered as one of the main noise effects (Fyhri and Klæ boe, 
2006) and it is strongly related to various negative feelings such as mental distress, 
nuisance, or irritation (Guski, 1999). Noise annoyance is defined as a feeling of 
resentment, displeasure, discomfort, dissatisfaction, or offence which occurs when 
noise interferes with someone’s thoughts, feelings, or daily activities (Lindvall and 
Radford, 1973; WHO, 2004b). It is acknowledged that noise annoyance has adverse 
10 
 
 
influences on an individual or a group and a chronically strong annoyance was 
suggested to have a causal chain with health risks (WHO, 2004a). 
Noise annoyance can be assessed using direct or indirect measures. Direct 
measure uses a single question asking respondents to rate their degrees of noise 
annoyance and indirect measures consist of multiple questions about disturbances 
caused by the noises and the degree of disturbances. In general, the direct measure is 
commonly used to assess noise annoyance. In the past, noise annoyance has been 
assessed by using diverse scales with different adjectives and a number of response 
options such as 5-point scale and 7-point scale. However, Team 6 of the International 
Commission on the Biological Effects of Noise (ICBEN) developed two scales for 
assessing annoyance caused by environmental noises in 2010 and they were adopted 
by the international standard (ISO/TS 15666). The scales contained a verbal rating 
scale and a numerical rating scale. The question for both scales is “Thinking about 
the last (..12 months or so..), when you are here at home, how much does noise from 
(..noise source..) bother, disturb, or annoy you?”. The verbal scale consists of five 
adjectives from ‘not at all’ to ‘extremely’ and the numerical scale has 11 options 
from ‘0’ to ‘10’. 
1.1.2  Acoustic factors related to noise annoyance 
It is well known that subjective responses to noise are mainly influenced by 
acoustic features such as noise level, temporal characteristics, and dominant 
frequency component (Rylander et al., 1980; Björkman, 1991; Bluhm et al., 2004; 
Miedema, 2004; Yang and Kang, 2005; Jakovljević et al., 2009). Dose-response 
relationships have been used to describe noise-induced annoyance as a function of 
exposure (Miedema, 2004; Berry and Flindell, 2009; Jakovljević et al., 2009; 
Pedersen et al., 2009). The annoyance ratings has been translated into the percentage 
of a population expressing annoyance; for example, %HA represents the percentage 
of highly annoyed and %A represents the percentage of annoyed, and they have been 
used since Schultz (1978) proposed the concept of %HA. The %HA is defined as the 
percentage of annoyance responses that exceed a defined 72 on a scale from 0 to 100. 
A number of studies have conducted social surveys to show the relationships 
between the exposure to environmental noises and annoyance (Rylander et al., 1980; 
Buchta and Vos, 1998; Miedema, 2004; Pedersen and Waye, 2004; Jakovljević et al., 
11 
 
 
2009). Most previous studies (Buchta and Vos, 1998; Kurra et al., 1999; Sato et al., 
1999; Miedema et al., 2000; Fidell et al., 2002; Miedema, 2004) have focused on 
transportation noises such as that of road traffic, train, and aircraft but areas of 
interest have been expanded to non-transportation noise sources such as wind 
turbines and construction (Pedersen and Waye, 2004; Pedersen and Larsman, 2008; 
Jeon et al., 2010a; Janssen et al., 2011). For example, Pedersen and Waye (2004) 
presented the relationship between wind turbine noise annoyance and noise exposure 
in their survey study. They found that prevalence of noise annoyance due to wind 
turbines was higher than annoyance caused by transportation noises. 
It has been suggested that noise annoyance can be predicted not only by noise 
level but also by the number of noise events (Ö hrström and Rylander, 1990; 
Rylander and Björkman, 1997; Jakovljević et al., 2009). Björkman (1991) measured 
equivalent sound pressure level (Leq) and maximum sound level (Lmax) outside 
buildings in different areas and found that increased number of noise events resulted 
in an increase of noise annoyance level. Rylander and Björkman (1997) reported that 
the number of aircraft noise events exceeding 70 dBA significantly affected noise 
annoyance. Jakovljević et al. (2009) recently found that noise level at night and the 
number of noise events induced by heavy vehicles at night had the significant 
impacts on a high level of noise annoyance. 
Vos (2001) reported that annoyance caused by impulse sounds was affected by 
spectral characteristics and type of noise source (e.g. small, medium, and large 
firearms). The difference between the C-weighted sound exposure level (CSEL) and 
the A-weighted sound exposure level (ASEL) was introduced to explain the noise 
annoyance due to impulse sounds. In addition, temporal and spatial factors extracted 
from the autocorrelation function (ACF) and the inter-aural cross-correlation 
function (IACF) were introduced to explain annoyance produced by traffic noise 
(Fujii et al., 2002).  
There have also been many attempts to investigate the effects of acoustic factors 
on annoyance caused by floor impact noise through laboratory experiments (Jeon et 
al., 2002; Jeon et al., 2004; Jeon and Sato, 2008; Jeon et al., 2009a; Lee et al., 2009; 
Kim et al., 2013). Floor impact sounds produced by standard impact sources (bang 
machine, tapping machine, and impact ball) were compared to an adult’s jumping in 
terms of noisiness as well as loudness (Jeon et al., 2002). Psychoacoustic measures 
and ACF/IACF parameters were introduced to explain the subjective response to 
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floor impact sounds. Annoyance caused by floor impact sounds was evaluated in 
apartment rooms with different sound insulation treatments and it was found that 
effect of impact sound pressure level on annoyance was the most dominant (Jeon et 
al., 2004). The ACF parameters and psychoacoustic measures were introduced again 
to explain annoyance arising from heavy-weight floor impact sounds generated by 
bang machine and impact ball (Jeon and Sato, 2008). Jeon and Sato reported that 
loudness and fluctuation strength were related to noise annoyance. More recently, a 
series of auditory experiments were conducted to investigate the effect of a spatial 
factor and the magnitude of inter-aural cross-correlation function (IACC) on 
annoyance caused by impact ball sounds (Jeon et al., 2009a). Just noticeable 
differences (JND) of impact sound pressure level (SPL) and IACC were found to be 
1.5 dB and 0.12-0.13, respectively. In addition, it was shown that the contributions of 
SPL and IACC to the scale value of annoyance were 79.3% and 20.4%, respectively. 
Another study (Lee et al., 2009) performed laboratory experiments to find a 
relationship between annoyance caused by impact ball sounds and psychoacoustic 
measures, and they confirmed the previous study (Jeon and Sato, 2008) indicating 
that loudness and fluctuation strength might affect annoyance produced by floor 
impact sounds. Recent study also found that temporal decay influenced annoyance 
caused by heavy-weight floor impact sounds (Kim et al., 2013).  
1.1.3  Aim of the study 
Even though a number of studies have reported the impact of acoustic factors on 
noise annoyance, there is still an argument that there are variations in annoyance 
with the same noise level (Berglund et al., 1999; Fyhri and Klæ boe, 2006). Previous 
studies on environmental noise have also insisted that individual’s reactions to noise 
can only be partly explained by acoustic characteristics of noise (Job, 1988; 
Miedema and Oudshoorn, 2001; Fyhri and Klæ boe, 2006). Particularly, noise level 
can explain only 20% of the variance in each individual’s noise annoyance (Job, 
1988; Berglund et al., 1999) and non-acoustic factors increase the possibility of 
explaining the variance. Similar with annoyance caused by environmental noise, 
annoyance with floor impact noise might also be influenced not only by acoustic 
factors but by non-acoustic factors; however, only a few studies have been conducted 
to explore the impact of non-acoustic factors on perception of floor impact noise 
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(Jeon et al., 2004; Jeon et al., 2010b; Ryu and Jeon, 2011). The present study mainly 
focused on the impact of non-acoustic factors on people’s perceptions and reactions 
to floor impact sounds in apartment buildings. A qualitative study was carried out to 
understand how residents in apartment buildings perceive and react to the noise; it 
was followed by a quantitative study which examined the relationships between 
noise annoyance and key non-acoustic factors derived from the qualitative study. 
Therefore, the present study was designed and conducted to answer the 
following research questions: 
1. How do people living in apartment buildings perceive and react to floor 
impact sounds coming from their upstairs? How do these experiences vary? 
2. Which non-acoustic factors have influences on individuals’ different 
perceptions and reactions to floor impact sounds? 
3. How are the non-acoustic factors related to each other and to noise annoyance 
caused by floor impact sounds? 
1.2  Outline of the thesis 
The second chapter explores relevant literature in order to understand and 
interpret the roles of non-acoustic factors on noise annoyance. The first part of the 
literature review summarises previous studies on non-acoustic factors and annoyance 
caused by environmental noise and floor impact sounds. This part also includes the 
review of previously proposed conceptual models for understanding non-auditory 
noise effects. The second part of this literature review elaborates grounded theory 
which was used as a qualitative research method in the present study.  
The third chapter shows how the qualitative study was undertaken using a 
grounded theory approach. Semi-structured interviews were conducted with adult 
residents in apartment buildings and key themes were identified and grouped 
together in higher-order categories. This chapter illustrates a conceptual model which 
was developed to explore the relationships among the identified categories. 
Discussions are also presented along with the findings and excerpts from the 
interview transcripts. 
The fourth chapter describes the quantitative study using data obtained from 
social surveys. Hypothesised paths between non-acoustic factors and annoyance 
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were presented with a conceptual model. This chapter shows how the survey 
questionnaire was designed based on the previous studies on environmental noise 
and the findings from the prior qualitative study. It also describes from whom and 
how the data was collected. Structural equation modelling was employed to test the 
hypothesised conceptual model and discussions of the findings were made in relation 
to previous works on the environmental noises. 
The last chapter draws conclusions along with summarising and exploring 
limitations of the present study. It also makes some recommendations for future 
research. This chapter is followed by the appendices, which contain additional 
materials such as the survey questionnaire. Figure 1-1 shows how the present thesis 
is structured. 
15 
 
 
 
At this point, it is important to clarify the use of expressions in this thesis. The 
interviewees in the qualitative study (chapter 3) have been referred to as their 
participant number such as P1 or P2. In addition, this thesis refers to residences with 
one or more rooms in multifamily housing buildings (e.g., apartments, flats, and 
townhouses) as ‘apartments’ or ‘apartment buildings’. Those with no separate room 
(e.g., studio or bedsit) were not regarded as ‘apartments’ in this study.  
Data collection
• Semi-structured interviews
• Theoretical sampling
Data analysis
• Open, axial, and selective coding
• Saturation
Chapter 1
Introduction
Chapter 2
Literature review
Chapter 5
Conclusions
Chapter 3
Qualitative study
Grounded theory
Chapter 4
Quantitative study
Non-acoustic factors
• Environmental noise
• Floor impact sounds
Research methodology
• Grounded theory
Survey design
• Based on the findings 
of previous studies
Data collection
• Social surveys
Data analysis
• Structural equation 
modelling
• Noise annoyance
• Acoustic factors related to noise 
annoyance
• Needs for investigations on non-
acoustic factors of floor impact 
sounds
• Summary of the study • Limitation of the study and 
recommendation for future research
Figure 1-1. Outline of the thesis 
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2  Literature review 
2.1  Introduction 
A literature review enables researchers to understand how the issue has been 
studied to date, figure out pertinent gaps to explore, and be confident carrying out a 
study utilising a specific research methodology. A review of the research literature 
on environmental noise and floor impact sounds was conducted; thus knowledge of 
theoretical backgrounds and empirical findings for understanding the associations 
between noise annoyance and non-acoustic factors were gained. It also gave the 
rationale for conducting the present research by highlighting the lack of 
understanding of perception and reactions to the noise using non-acoustic factors. 
Moreover, a thorough review of literature on grounded theory provided 
comprehensive awareness of how to design and conduct the qualitative study. 
2.2  Non-acoustic factors related to noise annoyance 
Given that some people might be highly annoyed when they are exposed to noise 
with which some others might report low level of noise annoyance, and thus, each 
individual’s diverse reactions to noise cannot be fully explained only by acoustic 
factors (Job, 1988; Miedema and Oudshoorn, 2001; Fyhri and Klæ boe, 2006). Noise 
annoyance contains a variety of negative feelings caused by noise exposure (Guski, 
1999), and it has been the most widely studied noise effect (Fyhri and Klæ boe, 2006). 
Further, noise annoyance is of great importance to be studied since it is closely 
related to non-auditory effects of noise such as effects on sleep disturbance, 
performance, or physical and mental health (Stansfeld and Matheson, 2003; Bluhm et 
al., 2004; WHO, 2004a). Therefore, there is no doubt that more precise 
understanding about noise annoyance can be made when relevant non-acoustic 
factors are considered (Job, 1988; Fields, 1993; Berglund et al., 1999). 
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2.2.1  Non-acoustic factors of environmental noise 
Arguments of previous researchers have been inconsistent with the significant 
influences of demographic characteristics on subjective responses to noise; some 
insisted that they have few impacts on subjective reactions to noise while others 
suggested significant effects of demographic factors (Job, 1988; NASA, 1992; Fields, 
1993; Miedema and Vos, 1999; Yu and Kang, 2008; Paunović et al., 2009; Pierrette 
et al., 2012). Rather than explaining noise annoyance by demographic characteristics, 
researchers have made attempts to explore relationships between noise annoyance 
and other variables such as noise sensitivity and some attitudinal or situational 
variables (Job, 1988; Fields, 1993; Miedema and Vos, 1999). General noise 
sensitivity has been emphasised by many researchers to have significant impacts on 
noise annoyance (Job, 1988; Ö hrström et al., 1988; Belojević et al., 1992; Fields, 
1993; Stansfeld et al., 1993; Miedema and Vos, 1999; van Kamp et al., 2004). The 
variation in noise reactions can be more precisely explained when noise exposure is 
considered along with noise sensitivity (Job, 1988). According to Ö hrström et al. 
(1988), not only general neurophysiological sensitivity but also subjectively reported 
noise sensitivity has significant relationships with noise annoyance. Job (1999) 
defined noise sensitivity in a broad sense, as an internal state that includes 
physiological and psychological (including attitudinal) traits and that is related to life 
style or activities conducted, which increases one’s degree of reactions to noise in 
general. He also suggested noise sensitivity can be considered to include the 
following components: attitudes to noise in general, beliefs about harmful effects of 
noise in general, vulnerability caused by stressors other than noise, level of social 
support, and other available coping mechanisms (Job, 1999). However, many other 
studies have considered the attitudinal variables as well as coping mechanisms 
separately from noise sensitivity to explore each variable’s impact on noise 
annoyance (Miedema and Vos, 1999; Botteldooren et al., 2003; Wallenius, 2004; 
Kroesen et al., 2010a). 
Along with one’s sensitivity to noise, several attitudinal variables have been 
taken into account. Fear of danger from noise source has been found to be 
significantly related to the prevalence of noise annoyance (Job, 1988; Fields, 1993; 
Miedema and Vos, 1999). Fear of an aircraft crashing or of danger from nearby 
surface transportation was found to be significantly correlated with annoyance 
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induced by such noise sources (Fields, 1993). Fields (1993) also highlighted beliefs 
about prevention of noise exposure; in other words, people’s noise annoyance may 
be affected by how far they believe that noise can be prevented or reduced by 
relevant authorities. For instance, belief about the aircraft noise reduction led by 
designers or pilots was suggested to mediate the level of noise annoyance (Fields, 
1993). Another kind of belief has also been suggested to be one of the attitudinal 
variables of importance; previous studies have suggested that belief about the 
importance of noise source has a significant influence on noise annoyance (Fields, 
1993; Pedersen et al., 2009; Janssen et al., 2011). This variable contains economic 
importance or benefits which individuals or regions can gain from noise sources. For 
example, owners of wind turbines are more likely to believe that wind turbines, 
namely the noise source, are important and beneficial so that they may perceive and 
report relatively low noise annoyance with wind turbine noise (Pedersen et al., 2009). 
Furthermore, it has been reported that non-noise impacts of noise source have 
substantial influences on the prevalence of noise annoyance (Hall et al., 1980; Taylor, 
1984; NASA, 1992; Fields, 1993; Pedersen and Waye, 2007). In the case of aircraft 
noise, air pollution, landing lights, or vibrations could be considered to influence 
people’s noise annoyance (Hall et al., 1980; Taylor, 1984). In addition, previous 
studies on wind turbine noise have paid special attention to the visual impact of the 
source. It was found that annoyance induced by wind turbine noise is closely linked 
to the visibility of wind turbines (Pedersen and Waye, 2004; 2007; Pedersen and 
Larsman, 2008; Pedersen et al., 2009; Bakker et al., 2012). Moreover, satisfaction 
with living environment (e.g., neighbourhood or dwelling) has also been suggested 
as a factor which can explain the variance in subjective reactions to noise (Langdon, 
1976; Weinstein, 1980; Fields, 1993; Kroesen et al., 2010b). People who are 
generally dissatisfied with their neighbourhood perceive or report relatively more 
negative reactions to noise exposure (Langdon, 1976; Weinstein, 1980). Further, 
annoyance caused by road trafﬁc noise and neighbour noise was also found to be an 
important determinant of residential satisfaction. (Kroesen et al., 2010b). 
Some non-acoustic factors are related to individuals’ personality or attitudes and 
others are rather associated with their situations or contextual meaning of the 
situations. For example, noise sensitivity can be referred to as each individual’s 
personal or attitudinal variable because it is a stable personality trait covering 
attitudes towards a wide range of environmental sounds (Zimmer and Ellermeier, 
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1999) while neighbourhood satisfaction can be labelled as a contextual or situational 
variable since it is shaped by one’s situation of living in the specific neighbourhood. 
Lercher (1996) summarised important non-acoustic factors in his paper and grouped 
them into personal and attitudinal variables, and contextual variables (Table 2-1). 
Table 2-1. Personal / attitudinal variables and contextual variables listed by Lercher (1996) 
Personal / attitudinal variables Contextual variables 
 Noise sensitivity 
 Critical tendency 
 Negative affectivity 
 Neuroticism, extraversion 
 Locus of control 
 Type A/B pattern 
 Non-complaining attitude 
 Misfeasance, preventability 
 Fear of danger, health effects 
 Importance of noise source, attitude 
towards source 
 Interference with activities 
 Neighbourhood satisfaction 
 Change in noise environment 
 Home ownership 
 Previous level of exposure 
 Aesthetic appearance of site 
 Property devaluation 
 Controllability / predictability / 
adaptability 
 Non-noise impacts (e.g., odour, 
vibration) 
 Home type and design, rooms facing 
noise source 
 
Guski (1999) reported that subjective reactions to noise are moderated by 
personal and social factors. Personal factors involve individuals’ personal traits 
which are stable over time and situations, and vary between different individuals, 
while social factors are closely connected with situations and are shared by 
individuals who belong to the same society (Guski, 1999). He grouped noise 
sensitivity, personal evaluation of the source, and coping capacity together and 
referred to them as personal factors, and labelled general attitudes, history of noise 
exposure, and expectation as social factors. 
Recently, Laszlo et al. (2012) reviewed previous studies on subjective reactions 
to environmental noise and classified non-acoustic variables into four groups: 
demographical, personal, social, and situational factors (Table 2-2). They also 
presented some important annoyance modifiers (those with asterisks in Table 2-2) 
based on previous evidences. 
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Table 2-2. Non-acoustic factors affecting noise annoyance listed by Laszlo et al. (2012) 
Demographic Situational  
 Age 
 Gender 
 Type of housing 
 Length of housing 
 Length of residency 
 Education 
 Home ownership 
 Employment 
 Number of people in the household 
 Socioeconomic status 
 Use of mode of transportation* 
 Satisfaction with residence* 
 Distance from source 
 Spatial factors (type of area, reaction 
measured indoor or outdoor) 
 Temporal factors (time of the day) 
 Meteorological conditions 
 Previous experience with the area 
 Hours spent at home 
 Sound insulation of the property 
 Media coverage 
 Interviewing mode 
 Dwelling orientation* 
Personal  Social  
 Coping 
 Noise sensitivity* 
 Attitudes to noise source* 
 Feeling that annoyance in preventable* 
 General evaluation of noise source 
 History of noise exposure 
 Expectations 
 Trust or misfeasance with authorities* 
* Non-acoustic factors which Laszlo et al. (2012) suggested to have strong effects on noise annoyance 
 
Several conceptual models have also been developed in theoretical and empirical 
studies in order to describe how individuals react differently when they are exposed 
to environmental noise, and which variables have important roles in such 
mechanisms (Lercher, 1996; Guski, 1999; Stallen, 1999; Kroesen et al., 2008; 
Pennig and Schady, 2014). 
Lercher (1996) explained the relationship between noise and health based on a 
theoretical stress model (Lazarus, 1966; Lazarus and Folkman, 1984). In his paper, 
Lercher did not illustrate his own figure of conceptual model but presented the 
transactional stress model which was developed by Lazarus and Folkman (1984). 
Evaluation of noise exposure and evaluation of opportunities to deal with the burden 
were suggested to be referred to as primary and secondary appraisal respectively 
(Lercher, 1996). These appraisals are tied with coping in a same loop and the 
processes in this loop are affected by constant reappraisals of the person-environment 
relationship. Figure 2-1 shows the noise-health relationship which was described as a 
continuous process of appraisals, coping, and reappraisals based on the transactional 
stress model (Lercher, 1996). 
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Based on the same stress theory (Lazarus, 1966), Stallen (1999) developed a 
conceptual model for explaining the underlying process of subjective reactions to 
environmental noise (Figure 2-2). This model emphasises perceived disturbance (i.e., 
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Figure 2-1. Noise-health relationship explained by Lercher (1996, right) based on Lazarus’ 
transactional stress model (1984, left) 
Noise level Noise management
Perceived disturbance Perceived control
Annoyance
Coping
Other (non-noise 
related) attitudes
Figure 2-2. A conceptual model of environmental noise annoyance 
suggested by Stallen (1999) 
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perceived threat) and perceived control as primary and secondary appraisals 
respectively, in accordance with Lercher (1996). According to this model, noise 
exposure (i.e., external stimulus) is represented by level of the sounds and noise 
management by source. Perceived disturbance and perceived control are affected by 
these two external stimuli and they are associated with annoyance. Both appraisals, 
perceived disturbance and perceived control, were suggested to have reciprocal 
relationships with annoyance. Coping is described to have reciprocal relationships 
with annoyance and other (non-noise related) attitudes. Stallen suggested other (non-
noise related) attitudes based on the previous suggestions made by Fields (1993). 
Additionally, coping is suggested to influence perceived control and noise 
management. 
Guski (1999) developed a conceptual model to account for long-term effects of 
environmental noise (Figure 2-3). While elaborating his model, Guski employed the 
idea of mediation and moderation. He regarded short-term noise effects as mediators 
which are primary reactions, affected by stimuli, and have influences on secondary 
reactions. Personal and social factors are referred to as moderators which are 
independent of stimuli but correlated with reactions. In other words, long-term noise 
effects are regarded to be mediated by short-term effects and moderated by personal 
and social variables. 
 
Noise exposure
Actual interference Vegetative reactions
Reported disturbance
/ annoyance
Long-term
somatic effects
Personal factorsSocial factors
Short-term effects 
(Mediators)
Long-term effects
(Moderators)
Figure 2-3. A conceptual model of short-term and long-term reactions to environmental noise 
suggested by Guski (1999) 
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Kroesen et al. (2008) later conducted an empirical study to investigate subjective 
reactions to aircraft noise. They hypothesised a conceptual model mainly based on 
the model suggested by Stallen (1999). Survey questions were developed based on 
earlier studies which reported significant non-acoustic factors (Job, 1988; Fields, 
1993; Lercher, 1996; Guski, 1999; Miedema and Vos, 1999; Stallen, 1999) and they 
collected data from residents in the vicinity of Amsterdam Airport Schiphol. They 
tested the hypothesised model by applying structural equation modelling and 
presented the causal model with estimates of each path. Figure 2-4 shows the 
positive (+) and negative (-) impacts of each variable. 
According to their tested model, perceived disturbance and annoyance were 
found to have reciprocal relationships which were both positively connected. 
Figure 2-4. A causal model of aircraft noise annoyance tested 
by Kroesen et al. (2008) 
Positive 
social evaluation of
the noise source
Noise exposure
Perceived control
and coping capacity
Negative attitude to 
noise source authorities 
and noise policy
Concern about
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Concern about negative 
health effects of 
noise and pollution
Negative expectation
to noise development
Belief noise can be 
prevented
Annoyance
non-noise effects
+
+
-
-
-
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+
+
+
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Annoyance
-
-
+
-
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Annoyance was found to have another reciprocal relationship with perceived control 
and coping capacity; annoyance positively affected perceived control and coping 
capacity and was negatively affected by this variable. Kroesen et al. tested several 
attitudinal variables. Perceived control and coping capacity was also negatively 
affected by concern about property devaluation, concern about negative health 
effects, negative expectation to noise development, and negative attitude to noise 
source authorities and noise policy. Negative attitude to noise source authorities and 
noise policy was found to be influenced by positive social evaluation of the noise 
source, belief about noise prevention, and annoyance with non-noise effects. 
 
 
More recently, Pennig and Schady (2014) carried out another empirical study to 
explain railway noise annoyance. They hypothesised each path of their model based 
on the findings of previous studies (van Kamp, 1990; Guski, 1999; Stallen, 1999; 
Kroesen et al., 2008) and collected survey responses from residents living in a 
vicinity of railway tracks. They also estimated their model by applying structural 
equation modelling. Figure 2-5 shows positive (+) and negative (-) relationships 
among the tested variables. They found reciprocal relationship between noise 
annoyance and control and coping capacity supporting the previous studies (Stallen, 
Noise exposure
Noise sensitivityTrust in authorities
Positive evaluation
Concern about
harmful effects
-
+
+
Noise annoyance
Control and
coping capacity
- -
+
+
+ -
Figure 2-5. A causal model of railway noise annoyance tested by Pennig and Schady (2014) 
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1999; Kroesen et al., 2008). Several non-acoustic variables were found to have 
influences on control and coping capacity. Control and coping capacity was 
positively affected by trust in authorities and positive social evaluation of noise 
source, while was negatively influenced by concern about harmful effects and noise 
sensitivity. 
2.2.2  Non-acoustic factors of floor impact sounds 
Jeon et al. (2004) suggested that difference in ethnicity may have an impact on 
subjective responses to floor impact sounds. They performed auditory experiments 
with Korean and German subjects. Floor impact noises were presented to the subjects 
via headphones and the subjects were asked to rate the loudness of each noise 
stimulus. Comparing subjective evaluations of loudness given by the both German 
and Korean subjects, it was found that Korean subjects were more sensitive to floor 
impact sounds than German subjects. Jeon et al. (2010b) later carried out a survey 
study to explore people’s dissatisfaction with indoor noise environment in residential 
buildings. They designed a survey questionnaire which included questions about 
overall dissatisfaction with indoor noise environment, dissatisfaction and annoyance 
ratings for different noise sources (floor impact sounds, airborne, drainage, and 
traffic noises). After analysing the collected responses from residents in apartment 
buildings, they found a close correlation between dissatisfaction with indoor noise 
environment and annoyance. They also revealed not just that children’s jumping and 
running noises were the most annoying noise source but also that the least 
satisfactory noise source was floor impact noise. 
Maschke and Niemann (2007) insisted that annoyance induced by noise from 
neighbours has negative effects on both physical and mental health. Their survey 
study found that people who had perceived severe annoyance caused by neighbour 
noise had increased health risks such as those in the cardio-vascular system, migraine, 
or depression. Although they argued significant health risks of neighbour noise 
annoyance, they did not specify that exposure to floor impact sounds has such health 
risks. Recent research also revealed an influence of noise sensitivity on annoyance 
caused by indoor and outdoor noises in residential buildings (Ryu and Jeon, 2011). 
Ryu and Jeon carried out both an auditory experiment and a survey study; they 
designed the survey study based on previous studies on noise sensitivity and 
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annoyance ratings (Weinstein, 1978; Fields et al., 2001; Miedema and Vos, 2003; 
Ryu et al., 2005). The results showed that noise sensitivity was a significant 
determinant of annoyance caused by indoor and outdoor noises; moreover, 
annoyance with indoor noise was found to be more affected by noise sensitivity than 
annoyance with outdoor noise (Ryu and Jeon, 2011). However, it should be noted 
that the study included floor impact sounds as one indoor noise but did not examine 
floor impact sounds separately. In particular, they examined indoor noises in the 
auditory experiment but this considered only airborne and bathroom drainage noises. 
They did not examine floor impact noise because the other sounds were assessed 
using equivalent sound pressure level (Leq) but floor impact sounds were evaluated 
using a different descriptor, the maximum sound level (Lmax). Therefore, it could not 
be concluded that noise annoyance caused by floor impact noise had negative health 
effects or was affected by noise sensitivity (Maschke and Niemann, 2007; Ryu and 
Jeon, 2011). 
The literature review of non-acoustic factors related to noise annoyance 
indicated that there is a lack of research which focuses on non-acoustic factors 
related to annoyance caused by floor impact sounds. Investigations on noise 
annoyance with floor impact sounds are needed to confirm the previous findings and 
to gain insight into subjective reactions to floor impact sounds. 
2.3  Grounded theory 
Grounded Theory was first introduced by Glaser and Strauss (1967) who had 
their research backgrounds in nursing field. It is one of the most widely used 
frameworks in many research fields for undertaking qualitative studies (Bowen, 
2008). In particular, research fields on soundscape and environmental noise 
annoyance have also employed this research methodology (Schulte-Fortkamp and 
Fiebig, 2006; Pedersen et al., 2007; Smyrnova and Kang, 2010; Jeon et al., 2013). 
Grounded theory is of use when there is a need for prudent observations in areas with 
lack of understanding or when a new perspective on a phenomenon is required 
(Strauss and Corbin, 1990; Pandit, 1996; Corbin and Strauss, 2008; Rechavi, 2009). 
This research method is a set of rigorous research procedures to identify 
conceptual categories. It develops a theory which is grounded in data through 
repetition of systematic data gathering and analysing, which are called theoretical 
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sampling and coding (Strauss and Corbin, 1990). Glaser and Strauss (1967) 
suggested that the phases of theoretical sampling and coding should be carried out 
interactively and that new data should be constantly compared with previously 
obtained data and emerged insights. This set of comparative procedures is referred to 
as a constant comparative analysis. It allows the researcher not only to be fully 
immersed in the data (Burnard, 1991) and focus on developing key categories but 
also to be aware of where to find further new data (Charmaz, 2006); this latter part of 
the research process is known as theoretical sampling. 
2.3.1  Theoretical sampling 
Theoretical sampling is a process of data collection whereby the researcher 
jointly collects, codes, and analyses the data, and decides what data to collect next 
and where to find them (Glaser and Strauss, 1967). In other words, this process of 
sampling seeks pertinent data based on the previously obtained data; it is carried out 
with purpose of developing a theory by elaborating and refining the identified themes 
(otherwise, known as concepts) and categories (Charmaz, 2006). Corbin and Strauss 
(2008) described this measure of sampling as follows: 
It is a method of data collection based on concepts / themes derived from 
data. The purpose of theoretical sampling is to collect data from places, 
people and events that will maximise opportunities to develop concepts in 
terms of their properties and dimensions, uncover variations, and identify 
relationships between concepts. (Corbin and Strauss, 2008, p. 143) 
In order to maximise opportunities to uncover variations as Corbin and Strauss 
(2008) mentioned above, theoretical sampling needs to be carried out continuously 
until no new insights emerge. The point at which the researcher can obtain no more 
themes is called saturation. In grounded theory, sampling is driven by the emergence 
of themes and limited by saturation, not by design (Glaser and Strauss, 1967). 
To carry out a grounded theory study, the researcher observes and records the 
research data (e.g., interview) with no preconceived notions and this initial phase of 
data collection is followed by another phase in which the data is analysed (Strauss 
and Corbin, 1998). Each subsequent process of sampling is again compared with 
previous data and later with any emerged theory (Glaser et al., 1968). Theoretical 
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sampling is an essential process to allow this set of procedures to be continued until 
the researcher is confident that saturation of categories has been achieved. 
2.3.2  Coding 
Through several coding phases, collected data is analysed. Data is coded line by 
line and it allows the researcher to be immersed in the research data and to gain new 
insights (Burnard, 1991). Also the coded data forms key themes and allows 
categories to be built based on the key themes. Categories are then compared to each 
other to develop a theory. This process of data analysis can be achieved by three 
different coding phases (Stern, 1980; Strauss and Corbin, 1990; Burnard, 1991; 
Corbin and Strauss, 2008). Data is coded, key themes are identified, and categories 
are developed during open coding. Axial coding is a stage of relating categories 
which have been developed. Selective coding selects core categories to explain a 
theory. 
2.3.2.1 Open coding 
Initial stage of data analysis in grounded theory contains open coding. It is a 
phase for identifying, naming, categorising, and describing phenomena which have 
been found from the research data (Strauss and Corbin, 1998). One of the primary 
aims of the coding phase is the researcher’s immersion in the data (Burnard, 1991). 
In order to be fully immersed in the data, key questions are kept asking to the 
researcher: 
 What is at issue here? What phenomenon is being addressed? 
 What persons or actors are involved? What roles do they play? How do 
they interact? 
 What aspects of the phenomenon are addressed (or not addressed)? 
 How long? Where? How much? How strongly? 
 What reasons are given or may be deduced? 
 For what reason? With what intention, and for what purpose? 
 By what means? What methods, tactics and strategies are used to 
achieve the goal?    (Jenner et al., 2004, p. 271) 
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The use of a grounded theory approach in interview studies, transcribed data is 
examined line by line and the researcher writes memos (Strauss and Corbin, 1990; 
Corbin and Strauss, 2008). Writing memos is regarded as one of the vital measures 
of coding and memos are considered as theoretical notes about data and conceptual 
connections between categories (Glaser and Holton, 2004). The researcher identifies 
significant themes in the data, gives headings to them, and then groups them into 
wider categories.  
2.3.2.2 Axial coding 
Next, categories and subcategories are related to each other based on their 
themes during axial coding. In other words, emerged categories which have 
considerable similarities are grouped together under higher-order headings. This 
phase of coding aims to form complete explanations about the research data (Strauss 
and Corbin, 1990; Corbin and Strauss, 2008). 
In order to reveal relationships among the related categories, and to provide 
explanations about what is going on in the research data, paradigm can be used 
(Strauss and Corbin, 1990; Corbin and Strauss, 2008). Developing a paradigm is 
another measure of data analysis, which is carried out during axial coding. It has 
proved to be of value to explain relationships between categories, which relate to 
partial features of social action (Jenner et al., 2004). Paradigm consists of three basic 
components: conditions, actions/interactions, and consequences. Table 2-3 gives 
some details of them (Corbin and Strauss, 2008). Based on the basic components of 
the paradigm, the researcher can ask him/herself some key questions during this 
stage of coding (Jenner et al., 2004). For example, questions such as ‘With what are 
the actions and interactions in the data actually concerned?’ or ‘What conditions 
contribute to the occurrence or development of the phenomenon?’ can be asked. 
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Table 2-3. Basic components of coding paradigm (Corbin and Strauss, 2008, p. 89) 
Component Description 
Conditions Conditions allow a conceptual way of grouping answers to 
the questions about why, where, how and what happens. 
Inter/actions Actions or interactions are the responses made by 
individuals to situations, problems, happenings and events. 
Consequences Consequences are outcomes of actions or interactions 
responses to events. These answer the questions about what 
happened as a result of those actions or interactions or 
emotional responses. 
 
2.3.2.3 Selective coding 
Selective coding is reached when core categories become apparent. After the 
cautious and constant repetition of the whole sets of data analysis, the researcher 
selects one or more core categories to explain his/her theory. Core categories explain 
most of the variation that represents the participants’ major concern (Jones and 
Alony, 2011). This stage of coding finally integrates and refines a theory and only 
the most pertinent codes of transcripts are used. The other phases of coding (e.g., 
open and axial coding) are ceased when the researcher moves on to selective coding, 
and the other codes become subservient to the core codes (Strauss and Corbin, 1990; 
Corbin and Strauss, 2008). 
2.3.3  Conducting a literature review in grounded theory 
There have been arguments for and against an initial literature review when 
using grounded theory. Along with Glaser and Strauss (1967) who originally 
introduced this methodology, several researchers have argued against a literature 
review prior to commencing data collection and analysis since it is likely to prevent 
the emergent of theory which would be grounded in the data (Stern, 1980; Lincoln 
and Guba, 1985; Strauss and Corbin, 1994; Hickey, 1997). However, ever since the 
first introduction of this methodology, concerns have arisen with regard to how 
students and researchers should approach and use the existing literature relevant to 
their research topic (Bryant and Charmaz, 2010). 
Several researchers have considered it suitable to carry out an early review of 
relevant literature (Hutchinson, 1993; Coffey and Atkinson, 1996; Strauss and 
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Corbin, 1998; Denzin, 2002; Chiovitti and Piran, 2003; McCann and Clark, 2004a; b; 
Coyne and Cowley, 2006; Henwood and Pidgeon, 2006; McMenamin, 2006; 
McGhee et al., 2007; Urquhart, 2007; Wiener, 2007). The initial literature review has 
been agreed to be conducted because of following reasons: Finding out how the 
phenomenon has been studied to date, the researcher can ensure the study has not 
been carried out previously and highlight pertinent gaps which need to be 
investigated (Hutchinson, 1993; Creswell, 1998; Denzin, 2002; Chiovitti and Piran, 
2003; McMenamin, 2006). Therefore, it provides a cogent rationale for the research, 
and helps the researcher to avoid potential unhelpful approaches, particularly 
conceptual or methodological limitations, which previous studies have experienced 
(McGhee et al., 2007). 
Given the contrast perspectives on the initial literature review, reflexivity has 
been advised for those who utilise a grounded theory method (Cutcliffe, 2000; 
Robson, 2002; Cutcliffe, 2003; McGhee et al., 2007; Dunne, 2011). Reflexivity must 
rest on awareness of self and this should also be shared with readers (Cutcliffe, 2003). 
McGhee et al. (2007) argued that the researcher should be aware of the impact of 
his/her previous life experiences, including previous reading, and turn back on these 
to appraise their effects. Ultimately, it is advisable to gain some knowledge of the 
research area to feel confident for carrying out the research (McGhee et al., 2007). 
2.3.4  Criteria for grounded theory 
There are some criteria to evaluate the operationalization and conceptualisation 
of grounded theory (Egan, 2002). Strauss and Corbin (1990) proposed seven criteria 
to judge the adequacy of the research process; they suggested some questions to be 
asked such as ‘How was the original sample selected?’, ‘How and why was the core 
category selected?’, and ‘What major categories emerged?’ To evaluate the 
conceptualisation of the research, they suggested another seven questions including 
‘Are concepts generated?’, ‘Are the concepts systematically related?’, and ‘Do the 
theoretical findings seem significant and to what extent?’ (Strauss and Corbin, 1990). 
In addition, Charmaz (2006) later proposed four criteria for evaluation grounded 
theory studies as listed in Table 2-4. 
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Table 2-4. Criteria for grounded theory research (Charmaz, 2006) 
Credibility 
 Are there strong links between gathered data and argument? 
 Are data sufficient to merit claims? 
 Do categories offer a wide range of empirical observations? 
 Has the research provided enough evidence for the researcher’s claim to allow the 
reader to form an independent assessment? 
Originality 
 Do the categories offer new insights? 
 What is the social and theoretical significance of the work? 
 How does grounded theory challenge, extend, and refine current ideas, concepts / 
themes, and practices? 
Resonance 
 Do categories portray fullness of the studied experience? 
 Does the grounded theory make sense to the participants? 
 Does analysis offer them deeper insights about their lives and worlds? 
Usefulness 
 Can the analysis spark further research in other substantive areas? 
 How does the work contribute to knowledge? 
 Does the analysis offer interpretations that people can use in their everyday lives 
or worlds? 
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3  Qualitative study 
3.1  Introduction 
The method of qualitative study focuses on the use of words and phrases rather 
than emphasising the use of numbers and quantification (Bryman, 2012). Further, it 
is of use to probe the underlying meanings that individuals themselves ascribe to 
their behaviours and attitudes (Burnard, 1991; Corbin and Strauss, 2008; Flick, 2011). 
The present qualitative study aimed to understand how people living in apartment 
buildings perceive floor impact noise and react to it, and in turn, explore non-
acoustic factors of importance that are related to people’s perceptions and reactions 
to floor impact sounds. It utilised a research methodology of grounded theory (Glaser 
and Strauss, 1967) which focuses on social processes or actions of individuals that 
are related to the phenomenon (Strauss and Corbin, 1990). Presuming little is known 
about the phenomenon, grounded theory research begins with open questions 
(Sbaraini et al., 2011). The following open questions were asked to embark on the 
present study: What are the circumstances surrounding the experiences of exposure 
to floor impact sounds? How do apartment building residents feel or behave when 
they are exposed to floor impact sounds coming from their upstairs? And how do 
these experiences vary? 
3.2  Methods 
Semi-structured interviews were undertaken with residents in apartment 
buildings and some new ways of seeing and understanding the issue were identified 
(Cohen and Crabtree, 2006). Rich dialogues with the interviewees yielded substantial 
data which is later developed to key categories and a conceptual model. The 
transcripts and audio recordings of the interviews were useful to discern each 
interviewee’s nuances of their emotions and experiences. 
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3.2.1  Interviewees 
As Table 3-1 presents, a heterogeneous group of 14 interviewees (five males and 
nine females) took part in the study. They had been told that they would be 
interviewed about their experiences of exposure to floor impact sounds in their 
current dwellings. All interviewees had normal hearing and no one wore a hearing 
aid. The average age of the interviewees was 37.6 years old (standard deviation = 9.2, 
median = 36). Six of them were employed (five full-time and one self-employed) and 
the other eight were unwaged (one unemployed, six housewives, and one student). 
Annual household income was asked and four of them answered less than 39.99 
million Korean Won which is equivalent to approximately 22,220 British Pound, six 
answered between 40 and 59.99 million Korean Won (GBP 11,101 to 22,220), and 
four interviewees answered their annual household income was more than 60 million 
Korean Won (GBP 33,331). Of the interviewees, nine rented their current apartments 
while five owned their current properties. The number of bedrooms in the apartments 
ranged between one and five. Seven interviewees lived in the buildings which had 
been built for less than 10 years, six were lived in buildings aged 10 to 20 years, and 
one interviewee lived in a building which had been built for more than 20 years. 
Nine lived with one or more children aged between 3 and 13 years; five interviewees 
reported that their upstairs neighbours had one or more children (from 3 to 13 years 
old). In addition, all interviewees had lived in their current apartments for more than 
one year, with the exception of one who had lived in her apartment for 10 months. 
The interviewees spent an average of 14 hours a day (standard deviation = 3.8) in 
their homes. 
In terms of each interviewee’s length of residency in apartment buildings, two 
questions were asked. First, they were asked how long they had been living in the 
current apartment, and second, they were asked how long they had lived in this type 
of, namely, apartment buildings. As Figure 3-1 describes, all interviewees had lived 
in apartment buildings more than five years, and two of them reported they had only 
lived in this type of buildings during their lives. Figure 3-2 compares the length of 
residency in the current apartments with a total length of residency in apartment 
buildings; three interviewees responded that the current apartments were the only 
apartment buildings in which they had lived. 
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Table 3-1. Demographic characteristics of the interviewees (N = 14) 
 
Demographic characteristic Details N 
Gender Male 
Female 
5 
9 
Age 20s 
30s 
40s 
50s 
1 
9 
2 
2 
Employment Full-time employed 
Self-employed 
Unemployed 
Housewife 
Student 
5 
1 
1 
6 
1 
Income (British Pound) < 11,100 
11,101-22,220 
22,221-33,330 
> 33,331 
1 
3 
6 
4 
Housing status Owned 
Rented 
5 
9 
No. of bedroom One 
Two 
Three 
Four 
Five 
3 
3 
5 
2 
1 
Building age (years) < 5 
5-10 
10-15 
15-20 
> 20 
3 
4 
4 
2 
1 
Child at home Yes 
No 
9 
5 
Child upstairs Yes 
No 
5 
9 
Length of residency (years) < 2 
3-5 
6-10 
> 10 
4 
4 
5 
1 
Amount of time at home a day (hours) < 10 
10-15 
15-20 
> 20 
3 
7 
3 
1 
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3.2.2  Interview procedure 
Semi-structured interviews, ranging from 30 to 90 minutes in duration, were 
conducted. Each interview started by the interviewee voluntarily signing their 
consent to involvement, audio recording, confidentiality, and anonymity. The 
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interviewees were asked to fill in a pre-interview questionnaire before the interviews. 
The pre-interview questionnaire was developed for asking their demographic 
characteristics and housing situations (Appendix 1). The interview questions were 
also developed as guidance (Table 3-2); the question items were developed based on 
the findings of the previous studies that identified non-acoustic factors which affect 
individuals’ perceptions and reactions to environmental noise (Job, 1988; Fields, 
1993; Lercher, 1996; Guski, 1999; Miedema and Vos, 1999; Stallen, 1999; Paunović 
et al., 2009; Laszlo et al., 2012). The questions were open-ended allowing the 
interviewees to choose their own terms when answering the questions (Turner, 2010) 
and the interviews were carried out depend upon the responses of the interviewees. 
The interviewees were encouraged to freely express their own thoughts and 
experiences of exposure to floor impact sounds. 
Table 3-2. Interview question items 
Question category Question item 
Current dwelling  Reasons for choosing the current apartment 
 Satisfaction (or dissatisfaction) with the current apartment 
 Satisfaction (or dissatisfaction) with the neighbourhood 
Floor impact sounds  Major noise sources 
 Place and time of noise exposure 
 Disturbed activities 
Past experience  Noise exposure from previous neighbours 
 Noise exposure in previous apartments 
Other noise  Inside the building (e.g., airborne noise) 
 Outside noise (e.g., traffic) 
Reactions to noise  Emotional or cognitive coping 
 Behavioural coping 
 Health effects 
Attitudes  to noise problems 
 to authorities 
 to upstairs neighbours 
 
3.2.3  Data analysis 
Each interview was manually coded line by line using the interviewees’ own 
words and immediate expressions. The codes were classified into several themes, and 
those with considerable relations and similarities were grouped together in higher-
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order categories. The emerging themes and categories were again compared with the 
raw data (i.e., the original transcripts and audio recordings), memos, and later 
theoretical ideas (Glaser et al., 1968). This set of manual coding procedures was 
repeated several times. No more new insight appeared after interviewing the 13th 
interviewee, and theoretical saturation was thus considered to have been reached 
after conducting one additional interview. The final re-coding phase was carried out 
using the qualitative data analysis software, NVivo 10. The numerous processes of 
the manual and computerised re-coding enabled comprehensive analysis of the 
research data and identification of the core themes and categories. In order to meet 
the requirements of transparency, following parts of this chapter presents excerpts 
from the interview transcripts from which the readers can themselves interpret each 
interviewee’s emotions and experiences, and discern the findings of the study 
(Wilson and Hutchinson, 1996; Yardley, 2000; Bringer et al., 2004). 
3.3  Results and discussions 
Through the data analysis, 15 themes were identified. Table 3-3 gives the 
counted frequency of the final codes. The key themes were categorised into five 
groups. The characteristics of the noise sources to which the interviewees had been 
exposed were classified into three themes under the category of ‘noise exposure’. 
Annoyance and disturbance were grouped as ‘noise perception’. The adopted coping 
strategies were classified into vigilant, avoidant, and cognitive coping and they were 
grouped together as ‘coping’ (Folkman and Lazarus, 1988); the related health issues 
and concerns were grouped as ‘health effects’. The last category, ‘intervening 
conditions’ included the underlying psychological factors that were observed to 
interact with the other categories (Corbin and Strauss, 2008). 
A conceptual model (Figure 3-3) was developed to illustrate the relationships 
among the five categories. The development of this model was mainly based on 
previously suggested models of people’s perceptions and reactions to environmental 
noise (Lercher, 1996; Guski, 1999; Stallen, 1999). Figure 3-3 shows the reciprocal 
relationships among noise perception, coping, and health effects. The path between 
noise perception (i.e., annoyance and disturbance) and coping was theoretically 
suggested by Stallen (1999) and empirically tested by studies on annoyance caused 
by aircraft and railway noises (Kroesen et al., 2008; Pennig and Schady, 2014). 
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Negative health effects are the crucial long-term noise effects coming after people’s 
perceptions and reactions to noise, in other words, health effects follow annoyance, 
disturbance, and coping (Lercher, 1996; Guski, 1999). The reciprocal relationships 
among noise perception, coping, and adverse health effects in Figure 3-3 extend the 
earlier suggestion of Lercher (1996). In addition, the intervening conditions are 
described to be related to the other variables (Figure 3-3). Lercher (1996) earlier 
suggested the ‘person-environment relationship’ which affects stress appraisals and 
coping process and Guski (1999) suggested moderating effects of personal and social 
factors on noise annoyance. Similarly, the intervening conditions are illustrated to 
influence people’s noise perception, coping, and health consequences. What is 
different from the previous studies (Lercher, 1996; Guski, 1999; Stallen, 1999; 
Kroesen et al., 2008; Pennig and Schady, 2014) is that the noise exposure is also 
located in the same loop along with noise perception, coping, and health effects. It 
shows that the intervening conditions might have influences on noise exposure as 
well. The relationship between noise exposure and intervening conditions was 
proposed since it was found that having relationship problems with upstairs 
neighbours may change the characteristics of the noise source; it may cause the noise 
source to be retaliatory noise. That is why retaliatory noise was also included in the 
category ‘noise exposure’ (Table 3-3). 
Table 3-3. Frequency of final codes describing the key themes and categories 
Category Theme Frequency 
Noise exposure Heavy-weight impact noise 
Light-weight impact noise 
Retaliatory noise 
86 
61 
33 
Noise perception Annoyance 
Disturbance 
128 
117 
Coping Vigilant coping 
Avoidant coping 
Cognitive coping 
114 
93 
23 
Health effects Health issues 
Health concerns 
51 
43 
Intervening 
conditions 
Attitude to neighbours 
Attitude to authorities 
Dwelling satisfaction 
Noise sensitivity 
Past experience 
131 
95 
82 
66 
42 
40 
 
 
 
 
3.3.1  Noise exposure 
Floor impact noise sources are classified into light-weight and heavy-weight 
based on their physical characteristics such as the impact force and mechanical 
impedance (Scholl, 2001; Jeon et al., 2006). The most common light-weight impact 
noise sources are walking with high-heeled shoes and the dropping of light-weight 
objects, which produce high-frequency floor impact noise. Heavy-weight impact 
noise is mainly caused by running or jumping children. Furthermore, light-weight 
impact noise is dominated by high-frequency components, whereas heavy-weight 
impact noise has a dominant sound energy at frequencies below 100 Hz (Jeon et al., 
2009a). The noises produced by different impact sources have varied physical and 
psycho-acoustical characteristics. Consequently, the subjective response of an 
individual to floor impact noise is affected by the type of source (Jeon et al., 2009a; 
Lee et al., 2009). 
The various noise sources collated from the interviewees of the present study 
were classified into light-weight or heavy-weight impact sources. The majority of the 
interviewees had frequently been exposed to heavy-weight impact sources; for 
example, walking adults and jumping and running children. This was mainly because 
Koreans do not wear shoes in their homes and barefoot walking on the floor often 
causes heavy-weight impact noise. Among the 14 interviewees, 10 mentioned 
footsteps, which agreed with the findings of previous studies that footsteps were the 
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Figure 3-3. A conceptual model indicating 
relationships among the key categories 
41 
 
 
most frequent noise sources in apartment buildings (Jeon et al., 2006; Maschke and 
Niemann, 2007; Jeon et al., 2010b). 
P6: A child keeps running. And I can hear people’s footsteps. I suppose it 
would be less noisy if they wore shoes (indoor shoes) or put a mat on 
the floor, but they don’t do anything. 
P7: There are three adults living upstairs, husband and wife in their late 
50s and their son. I can clearly imagine their movements because I 
can clearly hear their footsteps. Usually from 10:10 at night, until 
late 11 p.m. or midnight, I get so annoyed by their footsteps. 
P14: A boy (living upstairs) makes noise a lot. His footsteps are very 
noisy. He makes noise even after midnight. 
Light-weight impact noise sources were also mentioned by the interviewees, 
although less frequently compared to heavy-weight sources. This was because, 
unlike heavy-weight impact noise, the dominant sound energy produced by light-
weight impact noise sources can be easily reduced by acoustical treatments such as 
floor coverings and resilient isolators (Jeon et al., 2009b; Yoo et al., 2010). The 
sources of light-weight impact noise observed in this study included the scraping of 
furniture or vacuum cleaners against the floor, the scratching of the floor by dogs, 
and the dropping of light-weight items. 
P2: There’s something like the noise of furniture scraping at 11 or 12 at 
night. Or hitting or dropping noise; it sounds like they (upstairs 
neighbours) are hitting their floor or dropping something to disturb 
us. 
P4: A dog scratches the floor all the time. I have seen the dog once, it 
was a big schnauzer. 
Most environmental noise sources such as road traffic and wind turbines 
continuously produce sounds with high pressure levels, which can be measured over 
24 hours to determine the day-night noise level (Ldn) and day-evening-night noise 
level (Lden). In contrast, floor impact noises are intermittent and occur irregularly 
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because the noise events and their frequencies are significantly dependent on the 
behaviours of the upstairs neighbours. As a recent study on combined industrial and 
road traffic noise reported that the noise was less tolerable in the early morning and 
evening (Pierrette et al., 2012), most interviewees of the present study reported that 
they had heard floor impact noises at night or in the morning. The significantly lower 
level of ambient noise at those times could explain the relatively high frequency of 
complaints about night and morning noises. 
P2: Normally at night, when we (my family) are about to go to bed (I can 
hear the noise. 
P3: Before I go to sleep, when I'm lying on my bed at night (I can hear 
the noise) … sometimes early in the morning as well. 
P14: I can hear the noise at night, but also at 7 to 8 in the morning … the 
noise disturbs my sleeping … it wakes my baby up, he cries, it's hard 
to get him to sleep again. 
3.3.2  Noise perception 
Perception and health effects of noise can be explained by stress theories 
(Lercher, 1996; Guski, 1999; Stallen, 1999). One means of doing this is applying a 
transactional stress model (Lazarus, 1966), by which Lercher (1996) described the 
noise-health relationship as a continuous process of appraisals, coping, and 
reappraisals. Using the transactional stress model (Lazarus, 1966), perception of 
noise (i.e., annoyance and disturbance) can be described as a phase of primary 
appraisals (Lercher, 1996; Guski, 1999; Stallen, 1999). In the present study, most of 
the interviewees reported their negative perceptions of floor impact noise, which they 
described in terms of annoyance and disturbance caused. This is unsurprising given 
that noise coming from neighbours is the second major cause of noise annoyance in 
living environments (Maschke and Niemann, 2007), and floor impact noise has been 
found to be the most annoying source in apartment buildings (Jeon et al., 2010b). 
Some of the interviewees reported relatively low noise annoyance and that they had 
rarely made noise complaints. 
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P1: The kid (upstairs) makes noise at night and it seems they (upstairs 
neighbours, parents of the kid) don’t control him (the kid) … it is 
true that I’m annoyed sometimes, but I just try not to mind too much 
… I’ve made (a noise complaint) once but I just don’t want to 
complain about it again, to them or anywhere else (to authorities). 
P3: I haven’t complained about it. Sometimes I think about moving house, 
maybe to the top floor because it’ll be quieter. Anyway, I can 
understand why they (upstairs neighbours) make noise, and try to be 
sympathetic. 
Conversely, some interviewees addressed high noise annoyance. In most cases, 
they expressed their negative emotions at the noise exposure itself and their upstairs 
neighbours who had been responsible for the noise. They also complained about their 
current apartment buildings or expressed concerns about the health risks. Moreover, 
it was observed that those who had experienced high levels of noise-induced 
annoyance had coped very actively with the noise problems. They had contacted or 
visited their upstairs neighbours, called security officers to complain about the noise, 
or made official complaints to relevant authorities. This indicates that annoyance 
caused by floor impact noise is closely associated with the adoption of coping 
strategies, as revealed by previous studies on environmental noise (Lercher, 1996; 
Guski, 1999; Stallen, 1999). 
P6: They (upstairs neighbours) make noise wherever, in the living room, 
in the bedroom, and even in the bathroom … now I can understand 
those who killed their neighbours. It’s very stressful … it (the 
continuous noise) stresses us so much and I think it’s harmful to 
health physically and mentally … I once asked the officer (building 
manager) to move (my apartment) to another floor, or to another 
block. 
P8: I’ve tried everything to solve this (noise) problem … of course I’ve 
called everywhere (related authorities) to make complaints … I 
called the police at first … I’ve recorded the noise to make the 
evidence, I thought they couldn’t deny, but they did … they continued 
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making that noise … I started to hit the ceiling of my bedroom to 
disturb them. There’s a hole in my ceiling, you can imagine how 
strongly and continuously I’ve been doing that. 
P14: They even make noise after midnight … it’s very noisy … it’s 
stressful and annoying … they say they don’t (make noise) but we 
(my husband and I) can hear it … we’ve suffered so much and my 
eye problem is getting worse … I really don’t want to live in my 
apartment anymore. 
The different levels of noise annoyance among the interviewees can be 
explained by both acoustic and non-acoustics factors. Noise annoyance in buildings 
is affected by physical attributes such as floor thickness and dynamic properties of 
the floor (Jeon et al., 2004; Lee et al., 2009; Lee et al., 2013). Non-acoustic factors 
such as noise sensitivity, attitudes to the noise source, demographic characteristics, 
and situational factors such as the time spent at home also contribute to subjective 
responses to floor impact noise (Job, 1988; Fields, 1993; Miedema and Vos, 1999; 
Laszlo et al., 2012). Unlike the case of environmental noise, the effects of non-
acoustic factors on the perception of floor impact noise have not been empirically 
investigated. Further study is therefore required to validate conceptual models that 
consider non-acoustic factors using empirical data on the perception of floor impact 
noise. 
Another major negative consequence of noise exposure is related to the 
disturbance caused. It has been reported that exposure to environmental noise 
disturbs various activities such as speech, watching TV, listening to the radio, and 
sleep (Fields, 1998; Ö hrström, 2004; Bakker et al., 2012). The interviewees of the 
present study also reported disturbance caused by floor impact noise such as studying, 
reading, and watching TV. Interestingly, the descriptions of their disturbance 
experiences usually included noise annoyance. This shows that noise disturbance is 
closely associated with annoyance confirming the conceptual model that suggests a 
reciprocal relationship between disturbance and annoyance (Stallen, 1999). 
P8: It (floor impact noise) is very annoying … my daughter’s private 
tutors come every weekend because she’s now in her third year (of 
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high school, preparing for university entrance exams) … they 
(private tutors) say they can’t concentrate on studying and have the 
class properly (because of the noise from upstairs). 
P12: When reading some books in my living room, or when 
concentrating on something, I'm disturbed by noises from upstairs; it 
easily makes me lose my concentration. 
Given that the majority of the interviewees complained of noise exposure at 
night or in the morning, it can be deduced that sleep disturbance might be the most 
prevalent disturbed aspect of home lives. As expected, most of the interviewees 
reported that their sleeping had been disturbed because of floor impact sounds. 
Among the 14 interviewees, eight mainly complained about sleep disturbance. It can 
be discussed by that noise sensitivity at night is significantly higher compared to 
noise sensitivity during the rest of the day, and the higher night-time noise sensitivity 
can be explained by the close link between sleep and quieter ambient noise (Ouis, 
1999; Hume et al., 2002; Marks and Griefahn, 2007; Muzet, 2007). 
P1: Of course, I can understand it (noise from upstairs) during the 
afternoon, but I'm very annoyed with it at night because it's quieter, 
so I can hear it (noise from upstairs) far more at night … when we 
(my family) are about to go to bed, after 9 or 10 p.m.? I can hear it. 
P6: The noise disturbs our (my family’s) sleep and rest. We don’t have to 
wake up at 5 in the morning but, that short and strong noise always 
wakes us up. I get angry and can’t get back to sleep … we can't take 
proper rest because of the noise; it’s very difficult for us. 
3.3.3  Coping 
Coping includes all the cognitive and behavioural efforts involved in managing 
stress, and in this case, negative noise perception such as noise annoyance (Lazarus, 
1966; Folkman and Lazarus, 1988; Lercher, 1996; Guski, 1999). In describing 
coping in his transactional stress model, Lazarus (1966) distinguished emotional 
coping from problem-focused coping. Accordingly, Guski (1999) also categorised 
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coping into indirect and direct strategies, which can be referred to as cognitive 
control and behavioural strategies respectively. Indirect strategies include cognitive 
processes such as denial, repression, and suppression, while direct strategies involve 
problem-solving behaviours that reduce or manage the distressing emotions 
(Folkman and Lazarus, 1988). The majority of the coping strategies identified in the 
narratives of the interviewees were behavioural coping; only four interviewees 
mentioned cognitive coping strategies. 
P1: Of course, I can hear it (noise from upstairs) but I try not to mind too 
much. 
P2: We (husband and I) just try not to hear it … sometimes I’m scared, 
you know, there have been some murder cases these days. 
Relatively small number of interviewees described their cognitive coping and 
two forms of discussions can be considered. Firstly, in the case of exposure floor 
impact sounds, people easily recognise the type of noise source and the location of 
noise events, so that more behavioural coping strategies can be used than cognitive 
ones. Secondly, even though the interviewees might have used cognitive coping 
several times, they were unlikely to report verbally on cognitive coping strategies 
during the interviews since cognitive coping is a mental strategy, namely ‘self-talk’, 
whereas behavioural coping is a mechanism of ‘taking action or doing something’ 
(Latack and Havlovic, 1992). Thus it might be easier for the interviewees to report 
what they had taken action.  
A number of behavioural coping strategies were reported by the interviewees, 
and these were classified into avoidant and vigilant coping behaviours (Folkman and 
Lazarus, 1988). Avoidant coping is aimed at diverting one’s attention from stress to 
get away from it, whereas vigilant coping involve the direction of attention to the 
source of the stress in order to prevent or control it (Folkman and Lazarus, 1988). 
The measures that were used by the interviewees to avoid exposure to floor impact 
sounds were labelled as avoidant coping behaviours, while making noise complaints 
was referred to as vigilant coping behaviours. It was found that most of the 
interviewees employed avoidant coping strategies when they first heard the floor 
impact noise. Although the number of codes listed in Table 3-3 shows that the 
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frequency of final codes representing vigilant coping was higher than that of 
avoidant coping, actual number of interviewees who reported that they had employed 
avoidant coping behaviours was higher than those who had used vigilant coping 
behaviours. Frequently used avoidant coping strategies were going out, using 
earplugs, turning up the volume of the TV or music, and trying to concentrate on 
other activities. 
P5: I suppose that it’s better to go out not to hear the noise, if possible, 
rather than visiting them (upstairs neighbours to complain). 
P12: My wife turns up the volume of the TV (not to hear the noise). 
P14: I’ve used earplugs and I could hear less noise but it was not 
comfortable, so I stopped using them. 
Hume and Thomas (1993) reported that people rarely complained about aircraft 
noise because they assumed that their complaints would yield no effective or 
satisfactory results from the relevant authorities (e.g., airport). Another study on 
annoyance caused by aircraft noise found that the low success expectation caused 
disparity between incidences of annoyance and the corresponding complaints (van 
Wiechen et al., 2002). However, most of the interviewees of the present study 
reported that they had made noise complaints, which is one of the means to manage 
noise and to cope with noise annoyance (Maziul et al., 2005). Indeed, making 
complaints might be one of the most common vigilant coping behaviours to deal with 
noise exposure in residential buildings because neighbours are the main noise 
sources, unlike the cases of environmental noise. Additionally, the unpredictability of 
noise exposure may cause residents to make more noise complaints, for people are 
likely to complain about the unusual conditions of the noise rather than the noise 
annoyance itself (Luz et al., 1983). 
The interviewees had initially made indirect noise complaints by contacting 
security officers or the block managers. This is in agreement with the argument of 
Gass and Neu (2006), who insisted that people tended to perceive indirect complaints 
as a positive approach. As the interviewees found no significant change in noise 
exposure after making the indirect complaints, and as the frequency of the 
complaints increased, it was observed that the type of complaints has been changed 
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into making direct contact with their upstairs neighbours or making official 
complaints to the authorities. 
P10: I had turned on some music while I was sleeping (not to hear the 
noise) and tried to use earplugs as well, but all of them were not 
helpful to sleeping soundly … I had called a security officer, asked 
for an official announcement within the building, but nothing had 
changed, so I visited them (upstairs neighbours) … I wasn’t quite 
sure, but the man upstairs seemed a bit drunk and kept shouting at 
me. So I called police … he shouted at the policemen as well and 
made more noise, he jumped purposely after the (policemen) had 
went away … I called the National Environmental Dispute 
Resolution Commission … it took a long time and many stages. 
In a recent study on military noise found that people who had made complaints 
about military noise reported higher noise annoyance than others (Nykaza et al., 
2013). The stress level can be reduced after using vigilant coping when favourable 
outcomes are expected. However, negative emotions might be provoked by the 
realisation that nothing can be done to improve the situation (Folkman and Lazarus, 
1988; Folkman, 2013). Likewise, two interviewees (P5 and P10) reported that they 
had experienced significantly reduced noise exposure after making a number of 
complaints to their upstairs neighbours and relevant authorities. Their narratives 
indicated low noise annoyance and relatively weak negative emotions, or even a 
positive feeling about their apartments and their upstairs neighbours. In contrast, 
three interviewees (P6, P7, and P8) reported that their complaints had not been 
effective in managing the noise problems. Their narratives indicated high noise 
annoyance and strong negative emotions towards the noise issue, their dwellings, and 
their upstairs neighbours. Unsuccessful coping strategies might even increase the 
noise annoyance (Botteldooren et al., 2003), and sometimes unreasonable complaints 
might be made after being ignored (Luz et al., 1983). It is therefore necessary for 
authorities to establish effective procedures for dealing with noise complaints, 
particularly on floor impact sounds.  
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3.3.4  Health effects 
Exposure to noise has been found to cause health problems (Tarnopolsky et al., 
1980; Ising and Kruppa, 2004; Wallenius, 2004; Maschke and Niemann, 2007). Road 
traffic noise was found to raise complaints about nervousness and headache (Fyhri 
and Klæ boe, 2009) as well as disturbed sleep which increases the secretion of stress 
hormones (Ising and Kruppa, 2004). In addition, annoyance caused by the noise of 
wind turbines was found to induce negative health complaints and psychological 
distress (Pedersen and Waye, 2007; Bakker et al., 2012). Findings from the present 
study suggested that the interviewees felt that exposure to floor impact noise caused 
health issues. 
P6: … it (the continuous noise) makes us stressed very much and I think 
it’s harmful to health physically and mentally. 
P7: I lost so much weight because I’ve been so stressed by the noise. 
P12: I’ve been experiencing dizziness before moving into this apartment, 
and it’s become worse because I’ve been hearing the noise 
continuously … my wife gave premature birth and the noise might 
not be the biggest reason, but I’m pretty sure that the stress caused 
by noise influenced it. 
P14: The noise disturbs my sleeping. I have eye problems, so I should 
take enough rest, but eventually it (my eye problem) is getting worse 
… the noise causes stress and I can’t sleep. 
Lercher and Kofler (1996) reported that residents exposed to noise above 55 
dBA worried more about their health and gave poorer health ratings. Kroesen et al. 
(2008) found that annoyance induced by aircraft noise significantly increased 
concerns about negative health effects of noise. Similarly, interviewees of the present 
study expressed concerns about the negative effects of floor impact noise on their 
physical and mental health. The concerns included those about stress, mental 
problems, and physical health risks such as headaches or indigestion. 
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P3: It (floor impact noise) can cause a great deal of stress … I might 
have some health problems, such as, indigestion. 
P4: If I were exposed to noise constantly, I believe I would have some 
mental problems. 
P5: I believe floor impact noise is really bad for health … noise at night, 
when we are supposed to sleep, will make us very tired. 
3.3.5  Intervening conditions 
Strauss and Corbin (1990) introduced the term ‘conditions’ as one of the basic 
components of a paradigm that could be developed in the axial coding phase to 
explain the relationships among the categories that emerge. Conditions provide 
further answers to questions about why, where, how, and what happens (Corbin and 
Strauss, 2008). The present study identified several conditions that had positive or 
negative intervening effects on the interviewees’ noise perception, coping, and health. 
They included attitudes to authorities and neighbours, noise sensitivity, past 
experience, and dwelling satisfaction. 
3.3.5.1 Attitude to authorities 
It was observed that negative attitudes to authorities had been developed because 
of unsuccessful complaints. Moreover, the attitude to authorities affected the 
individual’s noise perception and coping strategies. Some of the interviewees (P6 
and P8) expressed their negative attitudes to governmental authorities due to the 
unpleasant procedure of making official complaints or after getting unsatisfactory 
results from the complaints. Guski (1999) previously suggested that the negative 
attitude of residents can be reduced by the authorities showing willingness to 
communicate and cooperate with the complainant. Another interviewee (P7) revealed 
her negative attitude to the government since there was lack of relevant policies, 
particularly with regard to floor impact noise. It was suggested that proper policies 
such as restrictions on indoor activities and higher standards of building construction 
are needed to deal with the increasing number of noise complaints. 
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P6: I can’t live with it (noise from upstairs) … the centre (Floor Noise 
Management Centre) is no use, they didn’t offer any proper solution 
… I don’t want to call them (the authorities including floor noise 
management centre) again. 
P8: It (noise from upstairs) is more than annoying … I’ve called the 
centre (Floor Noise Management Centre) but they said they had 
nothing to do, so I called the commission (National Environmental 
Dispute Resolution Commission) and they said I should call the 
centre (Floor Noise Management Centre, which I had already 
called). It was quite disappointing … (since then,) I have just tried 
anything I could do by myself to stop them (upstairs neighbours) 
making noise. 
P7: We need a restriction, for example, we don’t and we won’t throw 
litter anywhere because we know we would pay a fine for that if we 
do that … some regulations should be made for this issue, that’s why 
laws and policies exist … I’ve contacted twelve (government) 
officials so far who work on legislation (to suggest legislation on the 
issue of floor impact sounds). 
Some interviewees expressed their negative attitudes to construction companies. 
They believed that poor sound insulation in buildings caused the noise problems and 
that construction companies were the responsible authority for this issue. Besides, 
acoustic comfort was expected in properties built by major construction companies. 
P2: … we (my husband and I) just try not to hear it (noise from upstairs) 
… I think construction companies have the biggest responsibility. 
Everyone makes noise in their daily lives … that’s why I don’t want 
to complain (to my upstairs neighbours), it’s one of reasons … I 
think apartment buildings should be built to high standards of sound 
insulation … I believe that buildings built by brand (major) 
companies would be better and quieter indoors. 
P3: I haven’t made any noise complaints to my neighbours … I suppose 
they (buildings built by major companies) would be more trustworthy 
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… they (construction companies) should build better buildings which 
have fewer problems. 
Previous studies have reported that attitudes to authorities and policies affect 
noise annoyance (Guski, 1999; Laszlo et al., 2012) and coping strategies (Stallen, 
1999). Some recent studies have also confirmed the significant effects of attitude to 
authorities on annoyance and coping (Pedersen et al., 2007; Kroesen et al., 2008; 
Pennig and Schady, 2014). Negative attitudes to the government and policies were 
found to heighten the interviewee’s negative perceptions of the noise and trigger the 
employment of different coping behaviours. 
One interviewee (P8) increased the number of contacts with his upstairs 
neighbours after being disappointed by governmental authorities. He had been hitting 
the ceiling of his apartment to make retaliatory noise to his upstairs neighbours. 
Another interviewee (P6) also had experienced dissatisfactory procedures and results 
from making complaints to governmental authorities and reported that he did not 
want to contact the authorities anymore. He also reported that he wanted to move 
house. It implies that disappointment with governmental authorities may reduce the 
number of noise complaints made to them but increase the number of complaints to 
upstairs neighbours; also it can be discussed that negative attitudes to governmental 
authorities may increase the employment of avoidant coping behaviours. 
It was also noteworthy that the interviewees who mainly regarded poor 
construction as the main reason for floor impact noise (P2 and P3) had made few 
noise complaints to both governmental organisations and their upstairs neighbours. It 
was found that those who had negative attitudes to construction companies had 
mostly employed avoidant coping behaviours or cognitive coping. It can thus be 
suggested that apartment dwellers adopt differing noise coping strategies depending 
on their attitude to the authorities. 
3.3.5.2 Attitude to neighbours 
Attitudes to noise source have been suggested to significantly affect annoyance 
induced by environmental noise (Fields, 1993; Guski, 1999; Stallen, 1999; Kroesen 
et al., 2008). The present study revealed that negative attitudes to neighbours had 
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been developed throughout the series of experiences following the noise exposure. In 
addition, the attitudes again affected the residents’ coping strategies. 
P14: Lack of people’s consideration is the biggest problem ... residents 
should be careful in their homes for their neighbours … I used to go 
upstairs or ring them to ask them to be careful and be quiet, but I 
gave up. I’ve already complained so many times but they never 
listened, they’re exactly the same as before. 
This study also observed that having relationship problems with upstairs 
neighbours was a critical part causing the negative attitude to neighbours. 
Relationship problems were found to be caused sometimes by the adopted vigilant 
coping strategies. Some of the interviewees reported that they developed relationship 
problems with their upstairs neighbours after making noise complaints to them. Their 
complaints caused their neighbours to make more noise, namely, retaliatory noise. It 
can therefore be said that relationship problems between neighbours might change 
the characteristic of the noise source into retaliatory noise, which was noted in Table 
3-3 as being one of the three themes of noise exposure. The exposure to retaliatory 
noise increased annoyance of the interviewees and prompted further complaints. 
Further health issues were also reported. The more frequent health complaints can be 
explained by not only noise annoyance, but also the stress caused by the relationship 
problems, including exposure to retaliatory noise. 
P7: I went upstairs (to complain about the noise) … since then, we (my 
husband and I) could feel they (upstairs neighbours) intended to 
make the noise, to bother us … we couldn’t sleep every night … my 
husband shot a video at the opposite building. When I watched his 
video, I was so shocked. They bounced a basketball, rolled a 
dumbbell, walked in high heels, and scraped a table and chairs … 
they are crazy … their personality is the biggest problem … I’ve 
done everything, I sent the video to the broadcasting centre, reported 
them to the police … I’ve lost too much weight, the whites (of my 
eyes) had become red for several weeks. 
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This study also identified a very different kind of attitudes towards neighbours. 
One interviewee (P13) reported that he had never complained about noise to his 
neighbours and did not intend to do so in the future. This was because he had 
received noise complaints from his downstairs neighbours and knew how receiving 
complaints felt and how difficult it was to keep the children quiet. Although 
Maschke and Niemann (2007) proposed that annoyance caused by noise of 
neighbours could be heightened by the hearer’s knowledge of the noisemaker, the 
present study observed that having empathy with upstairs neighbours may decrease 
the level of annoyance as well as the frequency of noise complaints. 
Typically, few opportunities exist for residents to get to know their neighbours 
in the same apartment block. It is suggested that opportunities for promoting 
closeness between neighbours would reduce neighbour disputes in apartment 
buildings. It might be also worthwhile to explore how positive relationships between 
neighbours can mitigate not only negative noise perceptions but also vigilant coping 
behaviours which may result in causing worse situations. 
P13: They (upstairs neighbours) make noise until late but I’m trying to 
be sympathetic … I haven’t complained about it (the noise) and I 
won’t, because I know how it feels (to receive noise complaints) ... 
people downstairs have complained several times asking us to keep 
our children quiet … I know it’s very hard to control them (children), 
particularly, it’s very difficult to make them not make noise. 
Lazarus (2006) presented a revised model explaining stress and coping (Figure 
3-4). It is not much different from his original transactional stress model (Lazarus, 
1966) which several studies have adopted (van Kamp, 1990; Lercher, 1996; Guski, 
1999; Stallen, 1999; Pennig and Schady, 2014). In this model, appraisal of stress is 
first influenced by the person-environment relationship. ‘Person’ represents one’s 
goals, beliefs about self and the world, and personal resources. ‘Environment’ 
represents harms, threats, challenges, and benefits. According to the model (Figure 3-
4), coping is suggested to be employed based on one’s appraisals and relational 
meaning; positive or negative emotions and their effects including social functioning 
and health are finally affected by this process. 
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This model (Figure 3-4) can be adopted to explain attitudes to neighbours. First, 
the association between an individual who has his/her own attitudes to neighbours 
(i.e., person) and exposure to floor impact sounds (i.e., environment) is regarded as 
the person-environment relationship. Noise annoyance and disturbance are perceived 
after being exposed to the noise (i.e., appraisal) and different coping strategies are 
employed based on one’s attitude to neighbours (i.e., relational meaning). Vigilant 
coping is likely to be used when the individual has a negative attitude to his/her 
upstairs neighbours or relationship problems with them, whereas avoidant coping 
strategies may be used when the individual has an empathy with his/her upstairs 
neighbours. Use of vigilant coping might cause some retaliatory noise to be made by 
the upstairs neighbours or increase negative emotions and health risks. 
3.3.5.3 Noise sensitivity 
Noise sensitivity has been noted as a significant indicator of annoyance caused 
by environmental noise (Fields, 1993; Guski, 1999; Paunović et al., 2009). Likewise, 
annoyance induced by floor impact noise was found to be affected by noise 
Person-environment 
relationship
Appraisal
Relational meaning
Coping
Emotions and their effects 
incl. morale, social 
functioning, and health
Antecedents
Person:
• Goals and goal hierarchies
• Beliefs about self and world
• Personal resources
Environment:
• Harms / losses
• Threats
• Challenges
• Benefits
Figure 3-4. Lazarus' revised model of stress and coping (2006) 
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sensitivity (Ryu and Jeon, 2011). The present study confirmed the close link between 
noise sensitivity and noise perception. Interviewees who were more sensitive to noise 
reported more annoyance and disturbance caused by floor impact noise. Noise 
sensitivity has actually been acknowledged as a stable personality trait that includes 
different attitudes towards a wide range of environmental sounds (Zimmer and 
Ellermeier, 1999). The present study expanded this notion, suggesting that an 
individual’s noise sensitivity can be heightened by circumstances such as repeated 
exposure to noise or changes of situation; it is also suggested that noise sensitivity 
might be heightened because of other noise-sensitive family members. 
P9: Before I moved in, I wasn’t sensitive (to noise) at all, but after 
experiencing this (exposure to floor impact noise) for a long time, I 
became very sensitive to it. 
P4: After my baby was born, I definitely became sensitive … I wasn't that 
sensitive before. 
P5: Actually, my husband is so sensitive to noise and I became sensitive 
as well. 
3.3.5.4 Past experience 
Rabkin and Struening (1976) noted past experience as a factor that contributes to 
one’s perception of stressful events. Ipsen (2002) also highlighted the importance of 
the knowledge that an individual gains through life, and Fyhri and Klæ boe (2006) 
suggested that careful attention should be given to people who had been previously 
affected by noise. It was obvious from the present study that previous exposure to 
floor impact noise affected one’s noise perception. Interviewees who had exposed 
floor impact noise in their previous apartments or from their previous upstairs 
neighbours reported that they had become more sensitive to noise and got more 
annoyed with the noise. Past experience includes most of the key themes that were 
discovered in the present study, such as annoyance, disturbance, coping, and health 
effects. Thus, there is no doubt that people with past noise experiences are more 
likely to have negative noise perceptions and employ more coping strategies. 
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P8: Their (current upstairs neighbours’) noise is very similar to that of 
the previous ones (upstairs neighbours) … I once thought they 
(current and previous upstairs neighbours) were families. Their 
footsteps sound really similar, very noisy … I had no idea about floor 
impact noise before they (the previous upstairs neighbours) moved in, 
but had become more and more sensitive (to noise). 
P14: We (my husband and I) suffered so much (from noise problems) in 
the previous building. That (noise problem in the previous apartment) 
was one of the biggest reasons that we moved house … it is worse 
over here … I suppose we became more sensitive than before. 
3.3.5.5 Dwelling satisfaction 
Noise annoyance is closely related to the perceived well-being of an individual, 
and it has been suggested that reduced noise annoyance could improve overall 
satisfaction with one’s residential area (Öhrström, 2004). In addition, Jeon et al. 
(2010b) addressed the strong correlation between dissatisfaction with a noisy indoor 
environment and annoyance caused by floor impact noise. The present study showed 
that continuous exposure to noise and perceiving noise annoyance and disturbance, 
coupled with unsatisfactory procedures or outcomes of the adopted coping strategies, 
affected satisfaction with one’s dwelling. It was also noteworthy that several 
interviewees expressed their wish to move house along with noise annoyance. 
P3: The biggest thing I’m not satisfied with in my apartment is the noise 
… it’s the biggest issue ... I want to move to the top floor apartment 
(not to hear any noise coming from upstairs). 
P9: I like everything about my home, except the noise. 
The narratives of interviewees who were highly satisfied with their dwelling 
contained more words and expressions of high noise annoyance and negative 
emotions towards their neighbours and relevant authorities. It was also observed that 
they had used more coping behaviours than the other interviewees. It implies that 
dwelling satisfaction has effects on one’s noise perception and coping behaviours. 
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The excerpt below is from the transcript of an interviewee (P8) who had contacted 
governmental authorities and his upstairs neighbours several times to make noise 
complaints, and who had been hitting the ceiling of his apartment to make retaliatory 
noise to his upstairs neighbours. 
P8: It (my apartment) is located in a great place, close to the mountains, 
fresh air, it’s very quiet outside … I don’t want to move (house) … as 
I said earlier, I’m very happy with it (my apartment), except the 
noise from the current upstairs neighbours. 
3.4  Summary and concluding remarks 
This qualitative study was designed utilising a research method of grounded 
theory. Semi-structured interviews of apartment building residents were conducted 
and the narratives of the interviewees were analysed by constant comparative 
procedures and major coding phases of grounded theory (Corbin and Strauss, 2008). 
Key themes were identified and those closely related to each other were grouped 
together in higher-order categories. A conceptual model was developed based on the 
identified categories. The findings of this study yielded valuable insights into 
perceptions and reactions to floor impact noise and enabled description of the 
relationships among the non-acoustic factors. The conceptual model illustrated in this 
study also supported previous conceptual models that explained perceptions and 
reactions to environmental noise (Lercher, 1996; Guski, 1999; Stallen, 1999). 
Figure 3-5 represents the findings of the qualitative study and it illustrates the 
key themes, categories, and their relationships. Floor impact noise sources in 
apartment buildings were classified into heavy-weight and light-weight impact 
sources, and footsteps were the source that the interviewees had most frequently 
encountered. Most of the interviewees reported night-time and morning noises, 
which disturbed their sleep. Avoidant coping strategies (e.g., going out or turning up 
the volume of the TV or music) were the most common coping behaviours that the 
majority of interviewees had employed; it was also more likely to be used at the 
beginning of the noise exposure. Vigilant coping strategies (e.g., making noise 
complaints to the upstairs neighbours or to relevant authorities) were particularly 
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found to be adopted when the noise problem could not be effectively solved by 
avoidant coping strategies. 
 
Each individual’s attitudes to relevant authorities and upstairs neighbours (i.e., 
noise source) evolved throughout the exposure to the noise. Residents who had 
negative attitudes to governmental authorities were observed to stop making 
complaints to the governmental authorities; they kept making complaints directly to 
their upstairs neighbours or tended to use avoidant coping. Another type of authority 
to which the interviewees reported their negative attitudes was construction 
companies. It was found that those who had negative attitudes to construction 
companies were more likely to use cognitive or avoidant coping strategies rather than 
using vigilant coping. Besides, negative attitude to neighbours was also worth noting. 
Retaliatory noise was found to be one option for people who had relationship 
problems with their neighbours. Having negative attitudes to neighbours or 
Heavy-weight
impact source
• Children’s running, 
jumping
• Adults’ walking
Light-weight
impact source
• Scraping from 
furniture
• Dropping of items
• Other (e.g., vacuum 
cleaner, dogs’ floor 
scratching etc.)
Annoyance and disturbance
• Location: bedroom, living room, bathroom etc.
• Time: early morning, night-time etc.
• Disturbed activity: studying, reading, resting, sleeping etc.
Attitudes to authorities
• Government and policies
• Construction companies
Attitudes to neighbours
• Relationship problems
• Empathy
Dwelling satisfaction
Noise sensitivity
Past experience
Retaliatory
noise
Noise exposure
Noise perception
Coping
Avoidant coping
• Going out
• Turning up the 
volume of the TV, 
music, or radio
• Using earplugs etc.
Vigilant coping
• Contacting security 
officers
• Contacting
neighbours directly
• Making official 
complaints etc.
Cognitive 
coping
Health effects
Health issues and concerns
• Mental health including stress etc.
• Physical health including headache, eye-problems, tiredness etc.
Intervening conditions
Figure 3-5. A model summarising the findings of the qualitative study 
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relationship problems with them triggered the residents to use vigilant coping 
behaviours. However, those who had empathy with their upstairs neighbours were 
reluctant to use vigilant coping; they used more cognitive or avoidant coping 
strategies. Here, it was proposed that positive attitude to neighbours may decrease 
the level or frequency of vigilant coping but increase that of avoidant coping. 
Noise sensitivity, past experience, and dwelling satisfaction were also suggested 
to affect one’s noise perceptions and coping behaviours. In particular, noise 
sensitivity was observed to be heightened by repeated exposure to noise, changes of 
situation, and the presence of other noise-sensitive family members. Furthermore, 
residents who had past experience of exposure to floor impact sounds and those who 
were highly satisfied with their dwellings reported relatively stronger negative 
perceptions of the noise issue and had made more noise complaints. 
The previously developed theoretical models of environmental noise (Guski, 
1999; Stallen, 1999) were recently validated through empirical studies about airplane 
and railway noise (Kroesen et al., 2008; Pennig and Schady, 2014). Similar approach 
was required to test the key non-acoustic variables and the conceptual model for 
floor impact noise. Therefore, in the following study, social survey was designed to 
confirm the findings of the qualitative study using empirical data.  
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4  Quantitative study 
4.1  Introduction 
While a method of qualitative research is suitable to explore meanings of 
individuals’ behaviours and underlying attitudes and emotions, quantitative research 
is of use to measure the prevalence of their behaviours and attitudes, and identify the 
hypothesised paths among variables. In order to test and extend the findings from the 
qualitative study (e.g., key themes and their relationships), a path model was first 
hypothesised and a survey questionnaire was the developed based on the suggestions 
made by the qualitative study and previous studies on environmental noise. Survey 
responses were collected from a large sample of residents in apartment buildings. 
The data was analysed using structural equation modelling in order to assess multiple 
relationships among several variables in the model. 
4.2  Hypotheses 
To test a path model, each path was hypothesised based on previous theoretical 
and empirical studies. A number of studies have confirmed that noise sensitivity is 
one of key indicators to account for subjective reactions to noise (Job, 1988; Nivison 
and Endresen, 1993; Lercher and Kofler, 1996; van Kamp et al., 2004; Paunović et 
al., 2009; Fyhri and Aasvang, 2010). Therefore, it was assumed that noise sensitivity 
would have a positive direct impact on perceived disturbance and a positive indirect 
impact on noise annoyance (H1). 
Stallen (1999) developed a theoretical framework for environment noise 
annoyance based on a psychological stress theory (Lazarus, 1966) and referred to 
perceived threat, namely, perceived disturbance as primary appraisal which was a 
major determinant of noise annoyance. This is in line with the suggestion made by 
Guski (1999) insisting that actual interferences affect one’s reported annoyance. The 
relationship between perceived disturbance and noise annoyance was later 
empirically tested in an aircraft noise study (Kroesen et al., 2008). Kroesen et al. 
tested a structural equation model regarding aircraft noise annoyance and found that 
perceived disturbance had a positive impact on annoyance. The present study also 
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hypothesised a positive impact of disturbance on annoyance caused by floor impact 
sound (H2). 
Noise exposure has been found to lead to physical and mental problems (Lercher, 
1996; Guski, 1999; Bluyssen et al., 2011). The relationship between noise annoyance 
and health has also been confirmed in empirical studies (Pedersen and Waye, 2007; 
Fyhri and Klæ boe, 2009; Bakker et al., 2012; Babisch et al., 2013). Road traffic 
noise annoyance was found to be associated with subjective health complaints such 
as sleep disturbance, nervousness, and headache (Fyhri and Klæ boe, 2009). Recent 
questionnaire surveys also reported significant impacts of wind turbine noise 
annoyance on self-reported health complaints and psychological distress (Pedersen 
and Waye, 2007; Bakker et al., 2012). The present study assumed that annoyance 
induced by floor impact sounds would be positively associated with health 
complaints (H3). 
It has been highlighted that coping has a close link with noise annoyance 
(Lercher, 1996; Guski, 1999; Stallen, 1999; Hatfield et al., 2002; Haines et al., 2003). 
Stallen (1999) suggested perceived control and coping as major determinants of 
annoyance. Haines et al. (2003) reported various coping strategies that children used 
when they were exposed to environmental noises. Recent empirical studies on 
aircraft and railway noise validated the relationship between noise annoyance and 
coping; it was found that annoyance positively affect individuals’ coping capacity 
(Kroesen et al., 2008; Pennig and Schady, 2014). The prior qualitative study found 
that residents in apartment buildings used avoidant coping behaviours the most. 
Focusing on avoidant coping strategies, the present study hypothesised that avoidant 
coping would be positively affected by annoyance (H4). 
Attitudinal variables have been highlighted to explain the subjective reactions to 
noise (Fields, 1993; Lercher, 1996; Guski, 1999; Stallen, 1999; Elmenhorst et al., 
2012). Fields (1993) addressed that attitudes to authorities and noise source may 
affect one’s subjective reactions to noise. Guski (1999) also stated that people who 
were aware of the importance and necessity of noise source showed low noise 
annoyance, and Pedersen et al. (2009) found that residents reported relatively low 
level of annoyance when they benefited economically from wind farms as owners or 
co-owners of wind turbines. Stallen (1999) highlighted the relationship between 
attitudes and coping and it was later supported by the empirical studies also 
confirmed that attitudes to authorities and noise source significantly affected one’s 
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coping (Kroesen et al., 2008; Pennig and Schady, 2014). The findings from the prior 
qualitative study also noted the relationship between attitudes and coping. In 
particular, it proposed that negative attitude to authorities and positive attitude to 
neighbours (i.e., noise source) may affect individuals to employ more avoidant 
coping instead of vigilant coping (e.g., making noise complaints). Therefore, this 
study hypothesised that negative attitude to authorities and closeness with neighbours 
(i.e., positive attitude to noise source) would affect avoidant coping positively (H5a, 
H5b). 
The proposed hypotheses were then developed as a conceptual model which 
explains the relationships between the non-acoustic factors and noise annoyance 
caused by floor impact sound. As shown in Figure 4-1, the relationships among the 
seven endogenous factors consisting of noise sensitivity, disturbance, annoyance, 
health complaints, coping, negative attitude to authorities, and closeness with 
neighbours were to be tested. 
 
 
Two of previous empirical studies on environmental noises tested reciprocal 
relationships between specific variables. Kroesen et al. (2008) tested two reciprocal 
relationships between ‘disturbance – annoyance’ and ‘annoyance – coping’, and 
Pennig and Schady (2014) tested that between ‘annoyance – coping’. Nonetheless, 
unbiased estimates of reciprocal effects between two variables can be obtained when 
both variables have at least one instrumental variable, for the estimation of the 
Disturbance
Annoyance
Health complaints
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Closeness with 
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H2
H3
H4
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+
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+
Figure 4-1. A hypothesised conceptual model 
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reciprocal relationship requires estimating the error covariance between instrumental 
variables (Smith-Lovin and Tickamyer, 1978; Wong and Law, 1999). Since 
disturbance included in the conceptual model of present study had only one 
instrumental variable and the two other variables (annoyance and coping) had none, a 
decision was made to hypothesise one direction for each path instead of reciprocal 
relationships in order to yield the appropriate and accurate estimates for 
understanding impacts of each variable on another. 
4.3  Methods 
4.3.1  Participants 
Both online and paper surveys were developed; the online survey was designed 
using Google forms. Using the method of online survey questionnaire allows 
researchers to recruit a large sample, and its reliability has been validated in 
comparison to paper methods (Gosling et al., 2004; Ekman et al., 2006). Participants 
of the present study were asked to respond to either method which their preferred, 
and the majority selected the online survey. The surveys were conducted in Korea in 
October and November 2014, and 569 questionnaires (547 online and 22 on paper) 
were completed and collected from around the country. Of the 569 completed 
questionnaires, 82 were excluded since they involved duplicate data or outliers, or 
were completed by participants with no experience of hearing floor impact sound 
(Table 4-1). 
Table 4-1. Number of the collected, excluded, and analysed survey responses 
  
Collected 
 
Excluded 
 
Analysed 
 
Duplicate Outliers No experience 
 
Online 
Paper 
547 
22 
 
42 
0 
5 
0 
33 
2 
 
467 
20 
SUM 569 
 
82 
 
487 
 
As listed in Table 4-2, 66.9% of the respondents were female and 33.1% were 
male. Most participants (77.8%) were in their 20s, 30s, or 40s, and approximately 70% 
were educated to university degree level or higher. In addition, almost half of the 
participants were married (54.8%) and almost half of them were homeowners 
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(54.2%). Age of the apartment buildings in which the participants lived were asked 
using five different options (less than 5 years, 5 to 10 years, 10 to 15 years, 15 to 20 
years, and more than 20 years) and the number of participants were evenly 
distributed in each building age option.  
Table 4-2. Demographic characteristics of the survey respondents (N = 487) 
As Figure 4-2 presents, 52.1 percent of the participants reported the major noise 
source they had encountered was footsteps of children and adults. Noise caused by 
scraping of furniture and dropping of items accounted for 18.7 and 11.5 respectively. 
Of 16.8 percent who selected others, some indicated that they had been exposed to 
all of the noises (footsteps, scraping of furniture, and dropping of items) and some 
mentioned scraping of a vacuum cleaner or scratching of the floor by dogs. 
Demographic 
characteristic Details N % 
Gender Male 
Female 
161 
326 
33.1 
66.9 
Age Teens 
20s 
30s 
40s 
50s 
60s or older 
42 
134 
145 
100 
45 
21 
8.6 
27.5 
29.8 
20.5 
9.2 
4.3 
Education High school or equivalent 
Studying at a university or college 
University or college graduate 
Postgraduate or above 
93 
52 
272 
70 
19.1 
10.7 
55.9 
14.4 
Marital status Married 
Single 
Divorced, widowed, etc. 
267 
211 
9 
54.8 
43.3 
1.8 
Home-ownership Owned 
Rented (deposit rent) 
Rented (monthly rent) 
Other 
264 
174 
44 
5 
54.2 
35.7 
9.0 
1.0 
Building age (years) < 5 
5–10 
10–15 
15–20 
> 20 
95 
109 
103 
92 
88 
19.5 
22.4 
21.1 
18.9 
18.1 
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4.3.2  Questionnaire development 
The questionnaire consisted of questions about participants’ demographic 
characteristics, perceptions of floor impact sounds (e.g., annoyance), and attitudinal 
factors (e.g., closeness with upstairs neighbours). As listed in Table 4-3, latent 
variables in the hypothesised conceptual model (Figure 4-1) were assessed by several 
observed variables, and all of them were evaluated using 5-point scales ranging from 
1 (“Not at all”) to 5 (“Extremely”). 
4.3.2.1 Annoyance and disturbance 
Two questions were used to measure annoyance: one concerning perceived 
annoyance and the other pertaining to changes in annoyance compared to that 
experienced a year earlier. The second question of noise annoyance was developed 
based on the earlier suggestion that adaptability could influence noise annoyance 
(Lercher, 1996). Measurement items for disturbance were determined according to 
previous studies (Griffith and Langdon, 1968; NASA, 1978; Fidell et al., 2002; 
Ö hrström, 2004; Kroesen et al., 2008). Fidell et al. (2002) used two items to 
determine whether aircraft noise had disturbed participants’ sleep or interfered with 
conversation or listening to the radio. Ö hrström (2004) measured indoor disturbances 
Scraping of
Furniture
Dropping of
Items
Footsteps of
adults
Footsteps of
children
Others
Figure 4-2. Major noise sources to which the participants had been exposed 
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caused by road traffic noise and considered conversation, radio or TV, concentration, 
rest or relaxation, difficulties in falling asleep, and being woken by noise. Kroesen et 
al. (2008) also assessed perceived disturbance caused by aircraft noise and 
considered five activities including sleep, conversation, and resting. The present 
study asked the respondents to rate the extent to which they had been disturbed by 
noise with respect to five different types of activity: sleeping, watching TV or 
listening to the radio or music, having conversations, quiet activities, and resting. 
Table 4-3. Overview of latent variables, observed variables, and question items 
4.3.2.2 Coping 
Hatfield et al. (2002) used a single-item question to assess perceived control; 
they asked participants how much personal control they felt when they heard aircraft 
noise. Kroesen et al. (2008) measured coping capacity using three questionnaire 
items (e.g., feeling of powerlessness). Earlier, Folkman and Lazarus (1988) identified 
avoidant coping as the most common coping strategy. In other words, it is prone to 
Latent variable Label Item of the observed variable 
Annoyance A1 
A2 
Noise annoyance caused by floor impact sounds 
Noise annoyance caused by floor impact sounds 
compared with 1 years ago 
Disturbance D1 
D2 
D3 
D4 
D5 
Sleeping 
Watching TV, listening to the radio or music 
Having conversations (incl. on the phone) 
Reading, studying, and other quiet activities 
Resting 
Coping C1 
C2 
C3 
Going out 
Turning up the volume of the TV or music 
Trying to concentrate on other activities 
Health 
complaints 
H1 
H2 
H3 
Headache or dizziness 
Stomach-ache or indigestion 
Tiredness or sense of fatigue 
Noise sensitivity NS General sensitivity to noise 
Negative attitude 
to authorities 
AT1 
AT2 
The government and policies 
Construction companies 
Closeness with 
upstairs 
neighbours 
R1 
R2 
R3 
General closeness 
Sharing gifts or food 
Visiting or inviting 
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concentrate on something else or increase the volume of music when people are 
exposed to noise (Haines et al., 2003) rather than directing attention to the problem 
to prevent or control it (Folkman and Lazarus, 1988). Through the prior qualitative 
study, most residents in apartment buildings reported behavioural coping strategies 
more frequently than cognitive coping. Moreover, avoidant coping was found to be 
the most frequently used coping behaviours. The interviewees in the qualitative study 
reported that they had gone out or tried to concentrate on other activities when they 
had heard noises from upstairs. Based on the previous findings, three avoidant 
coping behaviours were measured in this study: going out, increasing the volume of 
the TV or music, and concentrating on other activities. 
4.3.2.3 Health complaints 
Negative health effects have been acknowledged as one of the common noise 
effects (Nivison and Endresen, 1993; Guski, 1999; Fyhri and Klæ boe, 2009) and 
some question items were suggested in order to measure health effects such as 
tiredness and headaches (NASA, 1978). Fyhri and Klæ boe (2009) asked participants 
to answer about their physical symptoms including tiredness and headaches arising 
from road traffic noise. Moreover, Bakker et al. (2012) assessed the relationship 
between psychological distress and wind turbine noise using a health questionnaire. 
To evaluate subjective health complaints affected by floor impact noise, the survey 
questionnaire included three questions about physical symptoms (headache, stomach 
ache, and tiredness) which were found to be the common health complaints among 
the interviewees of the prior qualitative study. 
4.3.2.4 Attitudinal variables 
In their aircraft noise annoyance study, Kroesen et al. (2008) measured attitudes 
to authorities by asking respondents about their attitudes to the airport (Schiphol) and 
the government. Likewise, Pennig and Schady (2014) also assessed participants’ 
general attitudes to responsible authorities and institutions of railway. The 
government and construction companies were frequently reported as responsible 
authorities for the floor impact noise issue in the qualitative study; the interviewees 
argued that lack of policy on the noise issue and poor sound insulation performance 
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caused the floor impact noise problems. Attitudes to government and policy and 
attitudes to construction companies were separately asked to the participants. In 
terms of measurement of attitudes to noise source, Fields (1993) noted fear of danger 
from the noise source and beliefs about the importance of the noise source. Pedersen 
and Waye (2007) asked participants whether they held negative or positive attitudes 
toward wind turbines. Kroesen et al. (2008) measured negative attitudes to noise 
source by asking participants to rate the extent to which they agreed with several 
statements regarding personal beliefs and attitudes toward the noise source. In this 
study, individuals’ relationships with their neighbours were measured to assess their 
attitudes to noise source since the occurrence of floor impact sounds depends on 
neighbours’ activities and living patterns. Three questions were used in order to 
assess participants’ closeness with neighbours. The first question aimed to assess 
overall closeness with their upstairs neighbours. The other two items asked how 
often they had shared gifts or food with their upstairs neighbours and how frequently 
they had visited or invited their upstairs neighbours. The latter two questions were 
developed based upon the assumption that these behaviours would reflect people’s 
closeness with their upstairs neighbours as they are common behavioural patterns 
between close neighbours. 
4.3.3  Statistical analysis: Structural equation modelling 
The hypothesised conceptual model was tested employing an approach of 
structural equation modelling (SEM). Before moving on to present how the analysis 
was carried out and what was found, it is imperative to account for SEM briefly. 
SEM is a statistical approach that seeks to explain the relationships among several 
variables. It examines the structure of interrelationships in a series of equations, 
similar to a series of multiple regression equations (Hair et al., 2010). These 
equations simultaneously depict all of the relationships among the dependent and 
independent variables. Latent variables are represented by multiple observed 
variables. This technique is useful since the researcher can test relationships among 
latent variables which cannot be directly measured. Also the relationships among the 
variables can be tested at once so that the researcher can estimate causal effects, 
direct, and indirect effects in a single model. It also tests error variables; every 
observed variable is associated with an error variable and these errors are estimated 
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at the same time. SEM is distinguished by its three characteristics: 1) estimation of 
multiple and interrelated dependence relationships, 2) an ability to represent 
unobserved concepts in these relationships and account for measurement error in the 
estimation process, and 3) defining a model to explain the entire set of relationships 
(Hair et al., 2010). 
It should be noted that SEM is a technique for a large sample and more than 200 
samples are needed in general (Barrett, 2007; Kline, 2011). It was earlier suggested 
the ratio of an ideal sample size to the number of free parameters would be 20:1 
(Tanaka, 1987). For example, minimum 200 samples are needed if 10 parameters 
require statistical estimates in a model (Jackson, 2003). However, Bentler and Chou 
(1987) suggested another ratio of 5:1 since 20:1 that Tanaka (1987) proposed was 
unrealistically high. The number of parameters in the hypothesised model in this 
study was 24 and the number of samples which were finally used in the analysis was 
487, so that the sample size of the present study actually satisfied even the higher 
ratio (20:1). 
As Figure 4-3 presents, the validity and reliability of each set of scales were first 
assessed by confirmatory factor analysis (CFA). CFA is useful for testing previously 
developed theoretical hypotheses (Rogelberg, 2006). It is a requirement of SEM to 
examine whether each latent variable is indicated by appropriate indicators, namely, 
observed variables (Cavanagh and Romanoski, 2008). It also tests if the latent 
variables can be tested in a single path model. Next, Figure 4-4 illustrates the path 
model. The latent variables (e.g., Disturbance) were represented by the observed 
variables (e.g., D1, D2) which were validated in CFA, and each latent variable was 
linked to another latent variable based on each hypothesis. Both CFA and path 
analysis were tested using AMOS 22.0 (SPSS Inc., Chicago, IL) and Cronbach’s 
alphas of each scale item was separately calculated in SPSS 21.0 (SPSS Inc., 
Chicago, IL). 
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Figure 4-3. A model for confirmatory 
factor analysis (CFA) 
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Figure 4-4. A model for path analysis 
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4.4  Results 
4.4.1  Reliability and validity 
Results from the factor analysis (CFA) are summarised in Table 4-4. Convergent 
validity was assessed via factor loadings of each observed variable and average 
variance extracted (AVE), and reliability was examined via composite reliability (CR, 
otherwise known as construct reliability) and Cronbach's alpha. AVE is a summary 
measure of convergence among a set of items representing a latent variable (Hair et 
al., 2010). AVE is calculated as the total of all squared standardised factor loadings 
(𝐿𝑖) divided by the number of items: 
AVE =
∑ 𝐿𝑖
𝑛
𝑖=1
2
𝑛
                                                    (1) 
CR is for assessing reliability and internal consistency of the measured variables 
representing a latent construct (Hair et al., 2010). It is computed from the squared 
sum of factor loadings (𝐿𝑖) for each construct and the sum of the error variance terms 
for a construct (𝑒𝑖): 
CR =
(∑ 𝐿𝑖
𝑛
𝑖=1 )
2
(∑ 𝐿𝑖
𝑛
𝑖=1 )
2
+(∑ 𝑒𝑖
𝑛
𝑖=1 )
                                             (2) 
Factor loadings were statistically significant (p < 0.001) and greater than 0.6. 
The AVE ranged from 0.518 to 0.751 and the CR ranged from 0.731 to 0.909 and the 
Cronbach’s alphas ranged from 0.690 to 0.912. All values representing both 
convergent validity and reliability were found to be in acceptable ranges (Hair et al., 
2010). To assess the degree to which a latent variable is distinct from other latent 
variables, discriminant validity was also examined. If the AVE for each construct is 
greater than its shared variance with any other construct, discriminant validity is 
supported (Fornell and Larcker, 1981; Farrell, 2010; Götz et al., 2010). Average 
shared variance (ASV) can be computed as the total of squared shared variances 
divided by the number shared variances. As Table 4-4 presents, ASV of each 
construct was lower than its AVE value and thus, a good discriminant validity was 
proven (Fornell and Larcker, 1981). Therefore, the CFA results confirmed that 
internal consistency exists and the variables are reliable and have good construct 
validity. 
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Table 4-4. Results of confirmatory factor analysis 
4.4.2  Results from the path analysis 
The structural model was tested using maximum likelihood estimation. In order 
to measure validity of the path model itself, some significant fit indices require to be 
noticed. As researchers have argued different cut-off values for each fit index, some 
of the values are listed in Appendix 5. First, goodness-of-fit index (GFI) is widely 
used fit index to measure the model fit and the higher value which is close to 1 
indicates the better fit. GFI of the path model estimated in this study was 0.932 
indicating a good fitting model. However, GFI is known as an early attempt to 
produce a fit statistic which is less sensitive to sample size so that is suggested to be 
used as only guidance (Marsh and Jackson, 1999; Hair et al., 2010). Alternatively, 
adjusted root mean square error of approximation (RMSEA) also represents how 
well a model fits a population. Lower RMSEA values indicate better fit and it was 
suggested to be lower than 0.07 or 0.08 to be referred to as a good RMSEA (Hair et 
al., 2010; Arbuckle, 2013). RMSEA of the tested model was 0.055 which was lower 
RMSEA = 0.050; GFI = 0.942; CFI = 0.976; χ2/df = 2.221 
Observed 
variable 
Factor loading 
p < 0.001 AVE CR 
Cronbach’s 
alpha ASV 
AN1 
AN2 
0.960 
0.762 
0.751 0.856 0.843 0.315 
D1 
D2 
D3 
D4 
D5 
0.794 
0.830 
0.741 
0.852 
0.859 
0.666 0.909 0.912 0.447 
H1 
H2 
H3 
0.840 
0.790 
0.926 
0.729 0.889 0.904 0.443 
C1 
C2 
C3 
0.686 
0.790 
0.677 
0.518 0.762 0.756 0.433 
AT1 
AT2 
0.919 
0.576 
0.588 0.731 0.690 0.120 
R1 
R2 
R3 
0.689 
0.959 
0.799 
0.678 0.861 0.839 0.005 
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than the cut-off value indicating the model fit well. Next, normed Chi-square (χ2/df) 
is a ratio of Chi-square to the degrees of freedom for the model which also shows 
how well the model fits. There have been some debates over the acceptable range of 
this measure but the estimated χ2/df value of the tested path model was 2.479, which 
was within the acceptable range that has been proposed (Carmines and McIver, 1981; 
Marsh and Hocevar, 1985; Hair et al., 2010). The last fit index is comparative fit 
index (CFI) which compares the fit of a tested model to that of an independent model 
(otherwise, known as a null model) which is a model in which observed variables are 
uncorrelated. CFI above 0.9 are generally associated with a model that fits well (Hair 
et al., 2010; Arbuckle, 2013). CFI of the model estimated in this study was 0.967. On 
the whole, the fit indices suggested that the path model was a good fitting model. 
The standardised estimates of the path analysis were plotted in Figure 4-5 and 
some indirect effects were listed in Table 4-5. It was found that noise sensitivity had 
a positive direct impact on disturbance (β = 0.518, p < 0.001) indicating those who 
were sensitive to noise were more easily disturbed by floor impact sounds. Noise 
sensitivity also influenced annoyance indirectly via disturbance (β = 0.496, p < 
0.001). In addition, noise sensitivity had indirect effects on health complaints (β = 
0.460, p < 0.001) and coping (β = 0.468, p < 0.001) via disturbance and annoyance. 
Disturbance had a positive direct effect on noise annoyance (β = 0.959, p < 0.001) 
and it had indirect effects on health complaints and coping, 0.888 and 0.905 
respectively (p < 0.001). These findings suggest that more frequent disturbance 
increases not only noise annoyance but also subjective health complaints and coping. 
Noise annoyance positively affected coping (β = 0.944, p < 0.001) and health 
complaints (β = 0.927, p < 0.001). Therefore, the findings suggest that increased 
noise annoyance may lead people to employ avoidant coping behaviours more 
frequently and to report more health complaints. In addition, mean differences 
compared between those who reported low noise annoyance and high noise 
annoyance also confirmed the findings. People who responded that they were highly 
annoyed with floor impact sounds reported more coping behaviours and health 
complaints than those who reported low noise annoyance (Table A-2 and A-3 in 
Appendix 6). On the other hand, the path analysis found no significant impact of the 
two attitudinal variables (negative attitude to authorities, closeness with neighbours) 
on coping. 
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Table 4-5. Indirect effects of noise sensitivity and disturbance on annoyance, health complaints, 
and coping 
**p < 0.001, *p < 0.05 
 
Noise sensitivity Disturbance 
Annoyance 0.50** 
 
Health complaints 0.46** 0.89** 
Coping 0.47** 0.91** 
 
4.5  Discussions 
4.5.1  Comparison with previous studies 
Previously suggested conceptual models have focused on environmental noise 
and subjective reactions to it (Guski, 1999; Stallen, 1999; Kroesen et al., 2008). The 
conceptual models were tested in recent empirical studies and the relationships 
between annoyance caused by aircraft and railway noise with non-acoustic factors 
were explained (Kroesen et al., 2008; Pennig and Schady, 2014). In contrast, the 
present study examined noise annoyance induced by floor impact noise, which is 
categorised as building noise rather than environmental noise. The findings from this 
Disturbance
Annoyance
Health 
complaints
Coping
Negative attitude 
to authorities
Closeness with 
neighbours
Noise sensitivity
D2
D1
D3
D4
D5
AN2
AN1
C2C1 C2
H2
H1
H3
R2
R1
R3
AT2
AT1
.52
.96
.94
.93
Significant p < 0.001
Not significant
Figure 4-5. Results of the path analysis 
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study confirm that the theoretical model for environmental noise is applicable to 
other noises sources. 
In the present study, disturbance was found to be associated with noise 
annoyance directly and to have indirect impacts on health complaints and coping. 
Moreover, noise annoyance had direct effects on health complaints and coping. All 
these results are in line with previous studies which have insisted the close 
relationships among noise perceptions and reactions (Lercher, 1996; Guski, 1999; 
Stallen, 1999; Boman and Enmarker, 2004; Ö hrström, 2004; Kroesen et al., 2008; 
Pennig and Schady, 2014). 
Kroesen et al. (2008) assumed noise sensitivity would be associated either 
directly or indirectly with disturbance, annoyance, and coping. However, the effect 
of noise sensitivity remained unclear in their study. The present study found that 
noise sensitivity had a direct impact on disturbance and indirect impacts on 
annoyance, health complaints, and coping. Guski (1999) earlier insisted that noise 
sensitivity, as one of personal factors, influences one’s long-term somatic effects, 
and Fyhri and Klæ boe (2009) also found a positive relationship between noise 
sensitivity and subjective health complaints. The relationship between coping and 
noise sensitivity was also addressed in previous studies (Jelínková, 1988; Pulles et al., 
1990). Thus, these findings confirm that noise sensitivity is one of the key variables 
to explain subjective responses to building as well as environmental noises (Job, 
1988; Stansfeld, 1992; Fields, 1993; Nivison and Endresen, 1993; Lercher and 
Kofler, 1996; van Kamp et al., 2004; Paunović et al., 2009; Fyhri and Aasvang, 2010; 
Ryu and Jeon, 2011). 
Two variables were found to be not significant in the present study. It was 
assumed that negative attitude to authorities and closeness with neighbours would 
have direct effects on coping. These paths were found to be significant in previous 
empirical studies on aircraft and railway noise (Kroesen et al., 2008; Pennig and 
Schady, 2014). Inconsistency between the previous studies and the present study 
might be explained by three reasons. First, measurement of coping was different. 
Kroesen et al. (2008) focused on assessing cognitive coping strategies and did not 
measure behavioural coping since they assumed behavioural coping might cause 
both positive and negative outcomes. Pennig and Schady (2014) combined the 
measurement of cognitive and behavioural coping adopting the six questions which 
was earlier developed for assessing subjective coping capacity toward environmental 
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noise (NASA, 1978). Contrary to the two previous studies (Kroesen et al., 2008; 
Pennig and Schady, 2014), this study focused on assessing behavioural coping 
strategies because the prior qualitative study found that the behavioural coping 
strategies were dominantly reported by the residents who actually had been exposed 
to floor impact sounds in apartment buildings. Second, relationships between 
authorities and noise sources were different. Negative attitude to authorities assessed 
in the present study was not of the kind that Kroesen et al. (2008) and Pennig and 
Schady (2014) measured. The occurrence of aircraft and railway noise can be 
ascribed to relevant authorities such as airports, railway institutes, or the 
governments since the noise sources are regarded as being run by the authorities. In 
contrast, the source of floor impact sounds is simply the upstairs neighbours, not any 
authority. Third, noise sources were entirely different. The present study measured 
the participants’ attitudes to neighbours (i.e., noise source) with which they can have 
personal relationships, whereas the noise sources that the previous studies focused on 
(Kroesen et al., 2008; Pennig and Schady, 2014) were aircraft and railway which 
people cannot have personal relationships with. Kroesen et al. (2008) and Pennig and 
Schady (2014) measured attitudes to the noise sources by asking respondents about 
the importance or financial benefits of the noise sources. Since such social 
evaluations cannot be made of each resident’s upstairs neighbours, the present study 
instead assessed the respondents’ closeness with their upstairs neighbours. 
4.5.2  Moderation effects 
4.5.2.1 Multiple-group moderation 
Moderation effects of several variables were examined in addition to the path 
analysis. Moderation tests allowed the findings from the prior qualitative study, 
particularly the findings of intervening conditions, to be confirmed or extended. The 
noteworthy moderators were divided into categorical variables (e.g., type of the 
major noise source was footsteps of not, whether they had empathy with their 
upstairs neighbours or not) and continuous variables (e.g., how far they had negative 
attitude to authorities). The moderation effects of the categorical variables were 
assessed through a multiple-group analysis and those of the continuous variable were 
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examined by an interaction moderation test (Hair et al., 2010; Kline, 2011); both 
tests were also carried out using AMOS 22. 
Four moderators were tested in the multiple-group analysis. First, as Figure 4-2 
described earlier, more than a half of the participants reported they had been exposed 
to noise of footsteps the most; the prior qualitative study also found that heavy-
weight impact noise source was the major noise. Thus, a moderation effect that 
footstep noise might have was tested. Next, the qualitative study proposed empathy 
as one of the aspects of residents’ attitudes to their upstairs neighbours and included 
empathy in the category of intervening conditions. A moderation effect of empathy 
was tested and it was assessed by a question asking the participants whether they had 
received any noise complaint from their downstairs neighbours. The third moderator 
was past experience which was classified as one of the intervening conditions in the 
qualitative study. The participants were asked if they had been previously heard floor 
impact noise from previous upstairs neighbours or in previous apartments. Dwelling 
satisfaction was tested as the fourth moderator; it was also noted by the qualitative 
study as one of the intervening conditions. The participants were asked how far they 
were satisfied with their apartments, and the collected responses were divided into 
low and high satisfaction groups. 
Table 4-6. Results of multiple-group analyses 
  **p < 0.001, *p < 0.05 
Moderator Group Path Estimates 
Noise 
source 
Footsteps (N = 254) 
Others (N = 233) 
Noise sensitivity 
– Disturbance 
0.580** 
0.441** 
Empathy With (N = 291) 
Without (N = 196) 
Negative attitude to 
authorities 
– Coping 
 
0.146* 
0.040 
Past experience With (N = 384) 
Without (N = 103) 
0.034 
0.164* 
Dwelling 
satisfaction 
Low (N = 239) 
High (N = 248) 
0.175* 
-0.005 
 
As the figures in Appendix 7 shows, the same structural model was tested across 
different groups in order to test the moderation effects of the moderators. The model 
fit of the multiple-group analyses indicated that the models fit well (RMSEA = 0.019; 
GFI = 0.911; CFI = 0.963; χ2/df = 1.895). Table 4-6 presents two paths in which 
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significant differences between groups were found: ‘noise sensitivity – disturbance’ 
and ‘negative attitude to authorities – coping’. First, footstep noise was found to 
increase the impact size of noise sensitivity on disturbance. Moreover, noise 
sensitivity’s indirect effects on annoyance, coping, and health complaints were found 
to be higher for the group who had been exposed to footstep noise (Figure A-2 and 
A-3 in Appendix 7). This finding implies that noise sensitivity might be more crucial 
to predict one’s perceptions and reactions to floor impact sounds, particularly to 
noise of footsteps. The other moderators (empathy, past experience, and dwelling 
satisfaction) were found to moderate the path between negative attitude to authorities 
and coping which were found to be not significant in the original path model. Even 
though the impact sizes were relatively small, negative attitude to authorities had a 
positive influence on coping when the residents 1) have empathy with their upstairs 
neighbours, 2) do not have any past experience of noise exposure, and 3) are not 
satisfied with their dwellings much. 
4.5.2.2 Interaction moderation 
Another moderation test was the interaction moderation test. Negative attitude to 
authorities and closeness with neighbours were not found to be significantly 
associated with coping in the path model (Figure 4-5). As Figure 4-6 illustrates, it 
was tested whether a relationship between annoyance (i.e., an independent variable) 
and coping (i.e., a dependent variable) changes according to the value of negative 
attitude to authorities and neighbours (i.e., moderators). These two moderators were 
measured using the following statements: “I believe the major reason for the floor 
impact sound problem is: 1) poor construction, 2) lack of policies on floor impact 
sound, and 3) lack of consideration between neighbours”. The participants scored 
how far they agreed with each statement on 5-point scale ranging from 1 (“Not at all”) 
to 5 (“Extremely”). Before carrying out the interaction moderation test, all variables 
were mean-centred (the mean value of the variables were subtracted from the data) to 
reduce multi-collinearity (Cohen, 2003; Paillé and Mejía-Morelos, 2014). As Figure 
4-7 describes, each interaction construct was computed from multiplying each 
independent variable by each moderator (e.g., annoyance × negative attitude to 
neighbours). 
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The impact of negative attitude to authorities on the relationship between 
annoyance and coping was found to be statistically significant (β = 0.115, p < 0.001) 
and negative attitude to neighbours also had a significant effect on the relationship 
between annoyance and coping (β = -0.125, p < 0.05). Figure 4-8 and 4-9 were 
plotted in order to interpret the moderation effects visually. Predicted values of 
coping were calculated under different conditions (high and low values of annoyance, 
and high and low values of each moderator) and the predicted relationship was 
illustrated by simple slopes between annoyance and coping at the different levels of 
the two moderators. In order to choose variables for representing high and low values, 
those of one standard deviation above and below the mean were used (Dawson, 
2014). Figure 4-8 shows that negative attitude to authorities strengthened the positive 
relationship between annoyance and coping. However, the relationship was 
weakened by another moderator, negative attitude to neighbours (Figure 4-9). These 
findings imply that those who strongly believe that construction companies or 
governmental authorities are responsible for the noise problem might be more likely 
to use avoidant coping behaviours when they perceive high noise annoyance. Besides, 
it can be predicted that people who have strong negative attitudes to their upstairs 
neighbours may not use avoidant coping behaviours but more vigilant coping 
strategies when they are highly annoyed with floor impact sounds. These findings are 
in line with what the prior qualitative study suggested. 
 
 
Annoyance
Coping
• Negative attitude to authorities
• Negative attitude to neighbours
Independent variable
Dependent variable
Moderator
Figure 4-6. A model describing moderation effects of negative attitude to 
authorities and neighbours on the relationship between annoyance and coping 
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Figure 4-8. Moderation effects of negative attitude to authorities on the relationship 
between annoyance and coping 
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Figure 4-9. Moderation effects of negative attitude to neighbours on the relationship 
between annoyance and coping 
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4.5.3  Type of noise complaints 
The participants were asked to choose any types of noise complaints which they 
had made. 173 participants out of 487 answered that they had made noise complaints; 
the types of noise complaints are shown in Figure 4-10. The majority of the 
participants had contacted their upstairs neighbours (N = 118) or security officers (N 
= 110) and both types of complaints are unofficial ways of making complaints. Few 
numbers of official noise complaints may be explained by residents’ low expectation 
of successful complaints and satisfactory results (Hume and Thomas, 1993; van 
Wiechen et al., 2002), or lack of information and knowledge about how to make 
official noise complaints. Moreover, physical closeness might be another reason. In 
other words, noise source (upstairs neighbours) or security officers were physically 
close to the residents, and thus, the residents might be prone to contact them rather 
than making any official complaints about the noise. However, further investigation 
is still recommended to understand why there was a huge disparity between 
unofficial and official complaints about floor impact sounds.  
 
21
118
110
4 1 3
A B C D E F
A Write a letter to upstairs neighbours
B Contact upstairs neighbours
C Contact security officers
D Floor Noise Management Centre
E National Environmental Dispute Resolution Commission
F Others (e.g., police)
Figure 4-10. Number of participants who had made noise complaints 
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4.5.4  Development or change in noise sensitivity 
Another comment would be made on subjective noise sensitivity. Previously, the 
qualitative study suggested that people’s noise sensitivity might be heightened when 
they have been continuously exposed to noise, when situations were changed (e.g., 
after having a baby), and when their family members or cohabitants are sensitive to 
noise. The survey questionnaire included a question asking if the participants’ 
families or cohabitants were sensitive to noise. Mean differences were compared, and 
it was found that those who lived with noise sensitive families or cohabitants 
reported higher level of personal noise sensitivity than others (Table A-4 in 
Appendix 6). Belojević et al. (2003) proposed that one’s personality traits have 
influences on personal noise sensitivity; it was also argued that subjective noise 
sensitivity might be affected in a specific situational context, by meaning of noise, 
mood, motivation, and other variables (Cohen and Weinstein, 1981; Belojević et al., 
2003). However, the influence of family’s or cohabitant’s noise sensitivity on 
personal noise sensitivity has not been tested in detail. Thus, further research is 
recommended to understand whether one’s subjective noise sensitivity might be 
affected by other family member’s or cohabitant’s noise sensitivity, as well as by 
other situational factors such as changes in situations. 
4.6  Summary 
A conceptual model was developed to explain relationships between the non-
acoustic factors and annoyance caused by floor impact sounds. The model contained 
seven endogenous variables: noise sensitivity, disturbance, annoyance, health 
complaints, coping, negative attitude to authorities, and closeness with neighbours. 
The survey questions were developed based on the suggestions from previous 
theoretical and empirical studies on environmental noise and the findings of the prior 
qualitative study. A single question was used to measure noise sensitivity. Five 
different disturbed activities were asked and two questions were asked to measure 
noise annoyance. Three physical symptoms were asked to measure the participants’ 
health complaints. Three major avoidant coping behaviours suggested in the 
qualitative study were asked to assess coping. The participants were asked about 
their negative attitudes toward the government and construction companies, and their 
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closeness with their upstairs neighbours. The research data was collected from a 
larger sample than that of the interviews, and the findings from the quantitative study 
supported and extended what the previous studies have found. 
The path analysis found that noise sensitivity had a positive direct impact on 
disturbance, and indirect impacts on noise annoyance, subjective health complaints, 
and avoidant coping behaviours. Disturbance was found to be positively associated 
with annoyance, health complaints, and coping. Annoyance also had positive impacts 
on health complaints and coping. Negative attitudes to authorities and closeness with 
neighbours were assumed to be associated with coping but no significant impact was 
found in the path analysis. The results from the path analysis were discussed along 
with a comparative perspective with previous empirical studies on environmental 
noise annoyance (Kroesen et al., 2008; Pennig and Schady, 2014). 
Apart from the path analysis, moderation effects of several variables were tested. 
It was found that noise of footsteps increased the positive impact size of noise 
sensitivity on disturbance. Empathy, past experience, and dwelling satisfaction were 
found to affect the relationship between negative attitudes to authorities and coping. 
In addition, negative attitudes to authorities and neighbours were found to influence 
the relationship between noise annoyance and avoidant coping behaviours. 
Confirming the findings of the prior qualitative study, it was suggested that people 
who have negative attitudes to authorities may use more avoidant coping behaviours 
when they are highly annoyed with floor impact sounds, while those who have 
negative attitudes to their upstairs neighbours may use more vigilant coping 
behaviours rather than avoidant coping. 
By testing the non-acoustic variables that the prior qualitative study found to be 
of significance (e.g., avoidant coping, health complaints, noise sensitivity, and 
negative attitudes to authorities etc.), the results from the present quantitative study 
made valuable attempts to explain how far the variables are correlated with one 
another and to understand the perception of floor impact sound in apartment 
buildings in more details. 
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5  Conclusions 
5.1  Summary of the present study 
It has been shown that the present study is comprised of two experiments: one 
qualitative and one quantitative. According to Bryman (2006), using both qualitative 
and quantitative research approaches allows the weakness of one method to be offset 
by the strengths of the other, and the findings of one method can be used to provide 
contextual explanations for the results of another. Throughout the process of 
undertaking the two studies, some advantages were gained such as 
comprehensiveness, complexity, and confirmation (Glik et al., 1986; Morse, 2003). 
Firstly, the research was comprehensive, as it employed both methods, thereby 
allowing the issues to be addressed more widely and more completely (Morse, 2003; 
O'Cathain et al., 2007). Secondly, by only undertaking a quantitative study, it might 
not have been possible to explain the intricacies of the issues. Indeed, the qualitative 
part of the present investigation was helpful for understanding the complexities of 
the circumstances which were surrounding the noise exposure, as well as aiding the 
researcher in probing different individuals’ experiences, underlying attitudes, and 
perceptions. The findings from the previous qualitative study could be confirmed by 
carrying out further investigations using quantitative methods with larger sample 
sizes. Thirdly, this research also achieved confirmation. Confirmation is one of the 
criteria to evaluate the trustworthiness or rigour of a study (Lincoln and Guba, 1985), 
and the use of both methods increases the validity and credibility of the research 
(Greene et al., 1989; Barbour, 1999; Creswell et al., 2003; Bryman, 2006). 
The present research aims to improve our understanding of the perception of 
floor impact sounds in apartment buildings. Firstly, a qualitative study was 
conducted to explore experiences of floor impact sounds. Grounded theory was used 
as a research methodology and semi-structured interviews were conducted with 14 
apartment residents. The findings yielded insights into how the interviewees 
perceived floor impact sounds, and the ways in which their experiences varied. It was 
found that the interviewees had been most frequently exposed to the sound of 
footsteps. The interviewees reported negative emotional responses (disturbance and 
annoyance) when exposed to floor impact sounds. It was observed that people had 
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used not only cognitive coping but also behavioural coping strategies. Behavioural 
strategies were divided into avoidant and vigilant coping. Avoidant coping strategies 
included leaving the room, wearing earplugs, turning up the volume of the TV or 
music to mask the floor impact sounds, and trying to concentrate on other activities. 
On the other hand, vigilant copers tended to approach the issue by making noise 
complaints, both to the relevant authorities as well as to their neighbours or security 
officers, when the noise problem could not be effectively solved by avoidance 
strategy. In addition, floor impact sounds were found to lead to health complaints and 
concerns. Intervening conditions, that contained attitudes to authorities and 
neighbours, noise sensitivity, past experience, and satisfaction with housing, were 
found to be associated with noise exposure, noise perception, coping, and health 
effects. A conceptual model was developed from these findings, as well as from 
previous researches on environmental noise. It was based upon five key themes: 
noise exposure, noise perception, coping, health effects, and intervening conditions. 
A quantitative study, based upon this conceptual model, was then carried out to 
estimate the relationships between the associated non-acoustic variables and the 
annoyance caused by floor impact sounds. Structural equation modelling was 
employed to test the conceptual model. The findings showed that noise sensitivity 
had positive impacts on perceived disturbance; in other words, greater noise 
sensitivity led to greater perception of disturbance. Moreover, disturbance was 
positively correlated with noise annoyance, whilst annoyance also influenced health 
complaints and coping. Contrary to other empirical studies on environmental noise, 
path analysis revealed that the impacts of negative attitude to authorities and 
neighbours on coping were not statistically significant. This inconsistency between 
the present study and other studies can be explained by differences in measurement 
of coping strategy, noise source, and the participants’ relationships with authorities 
and the noise source. In addition to path analysis, two types of moderation tests were 
carried out. Firstly, multiple-group moderation tests were performed, and moderating 
variables affecting the relationships among the non-acoustic variables were found: 1) 
exposure to footstep noise, 2) predictability, 3) empathy, 4) marital status, and 5) 
house ownership. Secondly, an interaction moderation effect of negative attitude to 
upstairs neighbours was examined. It was found that such attitudes may weaken the 
positive relationship between annoyance and avoidant coping. In other words, those 
who strongly believe that inconsiderate neighbours are responsible for noise 
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problems might use more vigilant, rather than avoidant, coping strategies when they 
are highly annoyed with floor impact sounds. This quantitative study confirmed and 
extended the findings of the prior qualitative study as well as those of previous 
studies on environmental noise. 
 
 
5.2  Recommendations for future research 
Some suggestions can be made for future research that employs a quantitative 
research method. Contrary to previous studies on environmental noise (Kroesen et al., 
2008; Pennig and Schady, 2014), the present study did not include noise level in the 
conceptual model, for this study was originally designed to probe non-acoustic 
factors that are relevant to noise annoyance. In addition, field measurements of floor 
impact noise cannot be done easily as floor impact noise occurs intermittently and 
considerably depends on the daily lives of upstairs neighbours. However, long-term 
recording and field measurements of the noise are still recommended because they 
would facilitate further understanding of the relationship between the noise exposure 
Heavy-weight
impact source
• Noise of footsteps 
increased the impact size 
of noise sensitivity on 
subjective reactions to 
floor impact sounds.
Light-weight
impact source
Annoyance and disturbance
• Annoyance and disturbance had significant relationships with 
avoidant coping, health complaints, and intervening conditions.
Attitudes to authorities
• Negative attitudes to authorities strengthened 
the positive relationship between annoyance 
and avoidant coping.
Attitudes to neighbours
• Negative attitudes to neighbours weakened 
the positive relationship between annoyance 
and avoidant coping.
• Empathy moderated the relationship between 
attitudes to authorities and avoidant coping.
Dwelling satisfaction
• Dwelling satisfaction moderated the 
relationship between attitudes to authorities 
and avoidant coping.
Noise sensitivity
• Noise sensitivity had a positive direct effect 
on disturbance, indirect effects on annoyance, 
health complaints, and avoidant coping.
Past experience
• Past experience of exposure to floor impact 
sounds moderated the relationship between 
attitudes to authorities and avoidant coping.
Retaliatory
noise
Noise exposure
Noise perception
Coping
Avoidant coping
• Avoidant coping had significant 
relationships with annoyance, 
disturbance, health complaints, 
and intervening conditions.
Vigilant
coping
Cognitive 
coping
Health effects
Health issues and concerns
• Health complaints had significant relationships with annoyance, 
disturbance, avoidant coping, and intervening conditions.
Intervening conditions
Figure 5-1. Overview of the findings from the present study using both qualitative and 
quantitative approaches 
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and the key non-acoustic factors which that have been discovered in the present 
study. 
Another suggestion is related to the measurement of coping. The coping 
strategies that were examined in the quantitative study were all avoidant coping 
behaviours because these were found to be the most frequently used strategies in the 
qualitative study. Although avoidant coping is acknowledged to be the most common 
coping strategy (Folkman and Lazarus, 1988), it is recommended that future 
investigations include questions regarding the assessment of other coping strategies, 
such as cognitive and vigilant coping. Several previous studies have examined the 
relationship between noise annoyance and making complaints (Hume et al., 2002; 
Maziul et al., 2005; Nykaza et al., 2013). People are more likely to use avoidant 
coping strategies rather than making complaints when exposed to problematic 
environmental noises because they do not believe noise complaints to authorities will 
lead to significant change (Hume et al., 2002). However, the present study showed 
that a number of participants of both interviews and surveys had made noise 
complaints about floor impact sounds. This may be because the residents in 
apartments are able to contact their neighbours (i.e., noise source) directly when 
exposed to floor impact sounds and are more likely to expect significant changes 
after making complaints. The additional measurement of other coping strategies 
would provide opportunities to further investigate the relationships between, 
attitudinal variables, and annoyance. What should be noted when assessing vigilant 
coping is that the majority of the participants had made noise complaints in unofficial 
ways, thus, it is suggested that noise complaints are separated into unofficial and 
official approaches, and examined accordingly. 
Other recommendations can be made on the sampling of participants. First, the 
participants in this study lived in various apartment buildings with different floor 
structures. The newer buildings were built with the thicker concrete slabs to reduce 
floor impact noise levels. For instance, the use of a slab thickness greater than 210 
mm is recommended. The physical characteristics of the resilient isolators (e.g., 
dynamic stiffness) used in the floor structures of the buildings also differ (Kim et al., 
2009). Further study is thus required to compare perceptions and reactions to floor 
impact noise across various types of floor structures. Second, as the present study 
sampled only those who lived in apartment buildings in Korea, its focus has 
primarily been on heavyweight buildings and did not consider lightweight buildings 
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such as those with wooden structures. Lightweight floors have low mass and low 
structural damping compared to heavyweight floors, and these characteristics result 
in the dynamic response being greater, which is perceived as problematic to floor 
vibration. Therefore, for future studies, it is necessary to investigate the perceptions 
and reactions to floor impact noise in lightweight buildings. Third, cultural factors 
might also affect people’s perceptions and reactions to floor impact noise. Unlike 
many Western countries, heavyweight impact noise induced by footsteps is 
commonly regarded as a major building noise in Korea because most Koreans do not 
wear shoes in their homes. Therefore, people living in Western countries may have 
different attitudes to footsteps noise and floor impact noise. Further research that 
involves a cross-cultural perspective is therefore suggested to cover different, 
geographically specific indoor life styles. Furthermore, in a broader context, the 
findings of the present study might be adopted, tested, and extended in future 
research that focuses on other types of buildings noise such as airborne noise. 
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Appendix 1. Pre-interview questionnaire 
1. Age 
 
2. Gender 
① Male 
② Female 
3. Occupation 
 
4. Annual household income (million) 
① Under KRW 19.99 
② KRW 20 to 39.99  
③ KRW 40 to 59.99 
④ Over KRW 60 
5. How many people of these age categories live in your household? 
Incl. yourself 
3 or under 3 to 7 8 to 13 14 to 19 20 to 64 65 or older 
      
6. Home ownership 
① Owned 
② Rented (Deposit rent) 
③ Rented (Monthly rent) 
④ Other: 
7. How old is your apartment building? 
① Less than 5 years 
② Over 5 years, up to 10 years 
③ Over 10 years, up to 15 years 
④ Over 15 years, up to 20 years 
⑤ Over 20 years 
8. How many bedrooms in your apartment? 
 
9. How long have you been living at this apartment? 
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10. How long have you lived in apartment buildings so far? 
 
11. How many hours do you spend inside this home? 
 
12. Is there anyone under the age of 19 on your upstairs? 
① Yes 
② No 
③ Don’t know 
If Yes, how many? 
3 or under 3 to 7 8 to 13 14 to 19 
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Appendix 2. Sample of the coding procedure 
Q: Did you have any reasons for choosing this apartment? 
A: It’s well-located, and it’s close to city centre and my parents’ house as well. 
Brand-name wasn’t important to me, but I just considered the scale of the block, I 
prefer a bigger block … I’m happy with this apartment but it has been ten years 
(since the building was built) and I think it’s time to move out because I can see 
some flaws sometimes … I feel happy in this apartment.[DWELLING 
SATISFACTION] 
Q: Have you ever heard some noise in your apartment? 
A: The people upstairs have a boy and moved in last year. Floor impact sounds from 
upstairs has been a problem since then... The child keeps jumping up and down at 
night [HEAVY-WIGHT IMPACT NOISE SOURCE] … I don’t think it’s regular 
but it sounds louder at night, particularly after 9 or 10 p.m.[DISTURBANCE] It 
seems they (upstairs neighbours, parents of the kid) don’t control him. I think it’s 
possible to some degree (to control their child). I know it’s not easy to stop 
children from making noise in the daytime, but parents should prevent them from 
jumping up and down at night. Of course I can understand it (noise from upstairs) 
during the afternoon [ATTITUDES TO NEIGHBOURS] but I'm very annoyed with 
it at night [ANNOYANCE] because it's quieter, so I can hear that (noise from 
upstairs) far more at night … when we (my family) are about to go to bed, after 9 
or 10 p.m.? I can hear it. I once woke up [DISTURBANCE] to the sound of 
moving bookshelves [HEAVY-WIGHT IMPACT NOISE SOURCE] at 3 in the 
morning so I told a block manager about that. [VIGILANT COPING] This (noise 
issue) is what I’m not happy with this apartment. [DWELLING SATISFACTION] 
I’ve never thought about that (floor impact noise) before moving in because I’m 
not that sensitive to noise … my husband is sensitive to it (noise) so that makes 
him irritated more. He sometimes tells me that he doesn’t want to live in an 
apartment and wants to move to a house [NOISE SENSITIVITY] … it makes my 
husband really nervous. I think it has a bad effect on health. [HEALTH 
CONCERNS] Although I can hear it (floor impact sound), I try to disregard it 
[COGNITIVE COPING] because it’s coming from their daily lives. But my 
husband tends to be sensitive [NOISE SENSITIVITY] to that and again, I would 
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rather ignore it.[COGNITIVE COPING] 
Q: When you are here at home, how much does the noise disturb or annoy you? 
A: It is true that I’m annoyed [ANNOYANCE] sometimes but I just try not to mind 
too much … I can hear it (noise from upstairs) but I try not to mind too much 
[COGNITIVE COPING] … I’ve made (a noise complaint) once [VIGILANT 
COPING] but I just don’t want to complain about it again, to them or somewhere 
else, to authorities. Too complicated. [ATTITUDES TO AUTHORITIES] 
Q: Have you heard some floor impact sounds where you lived previously, or in this 
building before the current upstairs neighbours moved in?  
A: Previous upstairs neighbours were quite old and quieter than them (the current 
upstairs neighbours). [PAST EXPERIENCE] Although relationship with them (the 
current upstairs neighbours) is neither good nor bad at the moment, [ATTITUDES 
TO NEIGHBOURS] sometimes we’re disturbed by their child’s noise. 
[DISTURBANCE] But we try to be sympathetic as we also have a 
child.[ATTITUDES TO NEIGHBOURS] 
Q: What would you say is the major reason for the floor impact sound problem? 
A: It can be better if the buildings are built well [ATTITUDES TO AUTHORITIES] 
and I think people’s awareness of the issue needs to be changed, too. They also 
need to educate their children not to make noise at night. [ATTITUDES TO 
NEIGHBOURS] I don’t think that measures for the issue have been taken well, 
block manager sometimes informs people that there have been some complaints 
about the noise, and that’s all. [ATTITUDES TO AUTHORITIES] I don’t think 
these measures have been effective unless each resident takes care not to make 
noise. [ATTITUDES TO NEIGHBOURS] … we’ve laid out a thick mat on the 
floor because we don’t want to pass noise to our downstairs. The mat goes from 
the living room to the kitchen. We make sure that our child doesn’t jump up and 
down at night and play only on the mat. I reckon that consideration for others is 
important, [ATTITUDES TO NEIGHBOURS] and the construction companies 
should’ve built the apartment buildings with this issue in mind. [ATTITUDES TO 
AUTHORITIES] 
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Appendix 3. Survey questionnaire 
Thank you for your precious time. 
Korea Institute of Civil Engineering and Building Technology is conducting a 
research on resolution method of floor impact sounds in apartment buildings and this 
survey is a part of the research. 
All of your answers will be kept strictly confidential. 
 
Contact details 
Dr. Kyoung Woo Kim 
Korea Institute of Civil Engineering and Building Technology (kwmj@kict.re.kr) 
 
Dr. Lee Pyoung Jik 
University of Liverpool (p.j.lee@liverpool.ac.uk) 
 
Park Sang Hee 
University of Liverpool (s.park@liverpool.ac.uk) 
 
Eligibility 
To be eligible for completing this survey, you need to 
 
be a resident of an apartment building 
AND 
have heard floor impact sounds from your upstairs neighbours 
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1. Age 
2. Gender 
① Male 
② Female 
3. Education 
① High school or equivalent 
② Studying at a university or college 
③ University or college graduate 
④ Postgraduate or above 
4. Employment Status 
① Permanent / Full-Time worker 
② Temporary / Part-Time worker 
③ Self-employed 
④ Student (incl. pupil at school or those in training) 
⑤ Homemaker (looking after family home) 
⑥ Not in paid work or retired 
⑦ Other: 
5. Annual household income (million) 
① Under KRW 19.99 
② KRW 20 to 29.99 
③ KRW 30 to 39.99 
④ KRW 40 to 49.99 
⑤ KRW 50 to 59.99 
⑥ Over KRW 60  
6. Marital Status 
① Married 
② Single 
③ Divorced, separated or widowed etc. 
7. How many people of these age categories live in your household? 
Incl. yourself 
3 or under 3 to 7 8 to 13 14 to 19 20 to 64 65 or older 
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8. House ownership 
① Owned 
② Rented (Deposit rent) 
③ Rented (Monthly rent) 
④ Other: 
9. Property size 
① Less than 62.81m2 
② 66.12 to 95.87 m2 
③ 99.17 to 128.93 m2 
④ 132.23 to 161.98 m2  
⑤ 165.29 m2 or more  
10. How old is your house? 
① Less than 5 years 
② Over 5 years, up to 10 years 
③ Over 10 years, up to 15 years 
④ Over 15 years, up to 20 years 
⑤ Over 20 years  
11. How satisfied are you with the current apartment? 
Not at all 
□ 
Slightly 
□ 
Moderately 
□ 
Very 
□ 
Extremely 
□ 
12. Please answer the questions about upstairs neighbours.    
12a. How many people of these age categories live in upstairs neighbours? 
□ “I don’t know.” 
3 or under 3 to 7 8 to 13 14 to 19 20 to 64 65 or older 
      
 
12b. On the whole, how close are you with your upstairs neighbours? 
Not at all 
□ 
Slightly 
□ 
Moderately 
□ 
Very 
□ 
Extremely 
□ 
12c. How often do you share gifts or food with your upstairs neighbours? 
Not at all 
□ 
Slightly 
□ 
Moderately 
□ 
Very 
□ 
Extremely 
□ 
12d. How often do you visit and invite your upstairs neighbours? 
Not at all 
□ 
Slightly 
□ 
Moderately 
□ 
Very 
□ 
Extremely 
□ 
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13. What is the main source of noise from upstairs that you can hear from 
your house? 
① Footsteps of children 
② Footsteps of adults 
③ Scraping of furniture 
④ Dropping of items 
⑤ Other: 
14. How annoyed are you by hearing the floor impact sounds caused by 
upstairs? 
Not at all 
□ 
Slightly 
□ 
Moderately 
□ 
Very 
□ 
Extremely 
□ 
15. Compared with 1 year ago, how annoyed are you by hearing the floor 
impact sounds caused by upstairs? 
Not at all 
□ 
Slightly 
□ 
Moderately 
□ 
Very 
□ 
Extremely 
□ 
16. How much has the noise (floor impact sounds) interfered with these 
aspects of your home life? 
16a. Sleeping 
Not at all 
□ 
Slightly 
□ 
Moderately 
□ 
Very 
□ 
Extremely 
□ 
16b. Watching TV and listening to radio or music 
Not at all 
□ 
Slightly 
□ 
Moderately 
□ 
Very 
□ 
Extremely 
□ 
16c. Having a conversation (incl. on the telephone) 
Not at all 
□ 
Slightly 
□ 
Moderately 
□ 
Very 
□ 
Extremely 
□ 
16d. Reading, studying, and other quiet activities 
Not at all 
□ 
Slightly 
□ 
Moderately 
□ 
Very 
□ 
Extremely 
□ 
16e. Resting 
Not at all 
□ 
Slightly 
□ 
Moderately 
□ 
Very 
□ 
Extremely 
□ 
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17. How much does the noise from upstairs influence your health? 
17a. Headache / dizziness 
Not at all 
□ 
Slightly 
□ 
Moderately 
□ 
Very 
□ 
Extremely 
□ 
17b. Stomachache / indigestion 
Not at all 
□ 
Slightly 
□ 
Moderately 
□ 
Very 
□ 
Extremely 
□ 
17c. Tiredness / sense of fatigue 
Not at all 
□ 
Slightly 
□ 
Moderately 
□ 
Very 
□ 
Extremely 
□ 
18. How often have you done these to avoid the noise from upstairs? 
18a. Go out (make an appointment with friends etc.) 
Not at all 
□ 
Slightly 
□ 
Moderately 
□ 
Very 
□ 
Extremely 
□ 
18b. Turn the volume up of TV or music 
Not at all 
□ 
Slightly 
□ 
Moderately 
□ 
Very 
□ 
Extremely 
□ 
18c. Concentrate on other activities 
Not at all 
□ 
Slightly 
□ 
Moderately 
□ 
Very 
□ 
Extremely 
□ 
19. Have you ever made complaints about noise from upstairs? 
① Yes 
② No 
If YES, how did you make complaints? You may select more than one. 
③ Writing a letter 
④ Direct contact or visit 
⑤ Security/property management office 
⑥ Floor Noise Management Centre 
⑦ National Environmental Dispute Resolution Commission 
⑧ Other: 
20. Have you ever experienced exposure to floor impact sounds in your 
dwelling in the past (by previous upstairs neighbours or in previous 
apartments)? 
① Yes 
② No 
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22. Have you ever received any noise complaint from your downstairs 
neighbours? 
① Yes 
② No 
23. How sensitive are you to noise in general? 
Not at all 
□ 
Slightly 
□ 
Moderately 
□ 
Very 
□ 
Extremely 
□ 
24. How sensitive are your family members (or cohabitants) to noise in 
general?     □ “I’m not living with anybody else.” 
Not at all 
□ 
Slightly 
□ 
Moderately 
□ 
Very 
□ 
Extremely 
□ 
25. How much are you agree with the following statements? 
I believe the major reason for the floor impact sound problem is  
25a. Lack of consideration between neighbours 
Not at all 
□ 
Slightly 
□ 
Moderately 
□ 
Very 
□ 
Extremely 
□ 
25b. Poor construction 
Not at all 
□ 
Slightly 
□ 
Moderately 
□ 
Very 
□ 
Extremely 
□ 
25c. Lack of policies on floor impact sound 
Not at all 
□ 
Slightly 
□ 
Moderately 
□ 
Very 
□ 
Extremely 
□ 
 
This is the end of the survey. 
Thank you very much for your time. 
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Appendix 4. Online survey questionnaire (Google forms) 
 
Figure A-1. Screen capture of online survey: questions about noise annoyance with floor 
impact sounds 
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Appendix 5. Interpreting model fit indices 
Table A-1. Suggested cut-off values of model fit indices 
Fit indices Acceptable range 
χ2/df 
Normed Chi-square 
1 to 3 
a, d
 
2 to 5 
c
 
CFI 
Comparative fit index 
above 0.92 
d
 
above 0.95 
f
 
close to 1.00 
e
 
RMSEA 
Root mean square error of approximation 
under 0.07 
d
 
under 0.08 
e
 
GFI 
Goodness-of-fit index 
above 0.90 
d
 
close to 1.00
 e
 
Components of construct validity Acceptable range 
AVE 
Average variance extracted 
above 0.5 
b, d
 
CR 
Composite reliability 
or Construct Reliability 
above 0.7 
d
 
a 
Carmines and McIver (1981) 
b 
Fornell and Larcker (1981) 
c 
Marsh and Hocevar (1985) 
d 
Hair et al. (2010) 
e 
Arbuckle (2013) 
f 
Byrne (2013) 
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Appendix 6. T-test results 
Table A-2. T-test results comparing coping between those who reported low noise annoyance  
(N = 244) and high noise annoyance (N = 243) 
**p < 0.001, *p < 0.05 
Noise annoyance 
Going out 
Mean SD t 
Low 
High 
1.36 
2.27 
0.803 
1.292 
-9.299** 
Noise annoyance 
Turning up the volume up of TV or music 
Mean SD t 
Low 
High 
1.61 
2.94 
0.938 
1.350 
-12.633** 
Noise annoyance 
Trying to concentrate on other activities 
Mean SD t 
Low 
High 
1.75 
2.95 
1.018 
1.244 
-11.693** 
 
Table A-3. T-test results comparing health complaints between those who reported low noise 
annoyance (N = 244) and high noise annoyance (N = 243) 
**p < 0.001, *p < 0.05 
Noise annoyance 
Headache / dizziness 
Mean SD t 
Low 
High 
1.27 
2.56 
0.697 
1.367 
-13.062** 
Noise annoyance 
Stomachache / indigestion 
Mean SD t 
Low 
High 
1.16 
2.16 
0.503 
1.255 
-11.538** 
Noise annoyance 
Tiredness / sense of fatigue 
Mean SD t 
Low 
High 
1.52 
3.21 
0.891 
1.360 
-16.167** 
 
Table A-4. T-test results comparing the participants’ noise sensitivity between those who 
reported their families (or cohabitants) had low noise sensitivity (N = 167) and high noise 
sensitivity (N = 320) 
**p < 0.001, *p < 0.05 
Noise sensitivity of family (or 
cohabitant) 
Personal noise sensitivity 
Mean SD t 
Low 
High 
2.31 
3.45 
1.052 
0.952 
-12.110** 
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Appendix 7. Samples of path models for multiple-group moderation 
tests 
 
 
 
 
Disturbance
Annoyance
Health 
complaints
Coping
Negative attitude 
to authorities
Closeness with 
neighbours
Noise sensitivity
D2
D1
D3
D4
D5
AN2
AN1
C2C1 C2
H2
H1
H3
R2
R1
R3
AT2
AT1
.44**
.99**
.96**
.87**
Significant ** p < .001, * p < .05
Not significant
Figure A-2. Multiple-group analysis: a causal model of the group who had been exposed to  
other noises (N = 233) 
Disturbance
Annoyance
Health 
complaints
Coping
Negative attitude 
to authorities
Closeness with 
neighbours
Noise sensitivity
D2
D1
D3
D4
D5
AN2
AN1
C2C1 C2
H2
H1
H3
R2
R1
R3
AT2
AT1
.58**
.94**
.91**
.96**
Significant ** p < .001, * p < .05
Not significant
Figure A-3. Multiple-group analysis: a causal model of the group who had been exposed to 
footstep noise (N = 254) 
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Figure A-4. Multiple-group analysis: a causal model of the group who were satisfied with  
their apartments (N = 248) 
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Figure A-5. Multiple-group analysis: a causal model of the group who were not satisfied with 
their apartments (N = 239) 
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